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PREFACE. 



The first part of this work (pp. 1-80) has been written to give, 
in as plain terms as possible, a complete knowledge of the intent 
and purpose of Practical Navigation — ^to show the Yachtsman 
how to work up a Day's Work and to keep a Ship's Reckoning, 
how to find a Ship's Place at Sea, whether by Dead Reckoning 
or by Observation of the heavenly bodies, and how to use and turn 
to good account the various Instruments required for the safe 
conduct of a vessel across the ocean, — ^not forgetting the Deviation 
of the Compass ; while instructing him on these subjects, it has 
not been lost sight of that he may wish to obtain the Board of 
Trade Yachting Certificate, and therefore various Examination 
Papers (with explanatory notes) have been inserted in their 
proper place. 

Appended to this part will be found Brief Rules in Navigation 
to assist the Yachtsman in working the questions set at the 
Board of Trade Examination. Then follow the International 
Code of Signals, Rule of the Road, &c., finishing with notes on 
Seamanship, in question and answer. 



W. H. ROSSER. 



London, May^ 1877, 
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ELEMENTARY NAVIGATION 



TOB 



YOUNa BEAHEN AND Y AO HTS MEN. 



Navigrd'tion lias been defined as the art of condacting-^in the sense of 
piloting or guiding — a ship from one port to another ; and this piloting on. the 
open ocean, far out of sight of beacons, landmarks and lighthouses, rests on the 
determination of Direction, DiaTANCB, and Rblativb Position,— combining 
observation with calculations that are the practical application of Geometry 
and Astronomy. It is the purpose of this little work to explain the use* of 
the instruments, and the kind of calculations, that are required in Nayigatioa,*) 
as well as the u^ual methods that are adopted from day to day during a voyage^ 
to find what is called the Ship's Plaob at Sba, whicb is the basis on whicU 
rests the direction of her course towards the port of destination. 



I 



ABITHMETIC OF NAVIGATION. 

r 

Thb first thing to be considered is — ^Do yon understand the Arithmetic oj( 
Navigation? — ^if you do not, it can be explained in a few pages, and these tha 
beginner would do well to carefully read ; he who is proficient in this knowledge 
can pass on to the next subject — '* Circles and Angles.-' ^ 

It is of course taken for granted that you are well up in the four rnles ot^ 
simple arithmetic — addition, subtraction, multiplication, and division — ^whic& 
are as constantly required in Navigation as in daily business transactions.. . '^ 

Let us begin with the arithmetic of the Circle and . of Time, the parts of 
which in both are divided sexagesimallyy or, in other words, sixty of a less 
denomination make one of a greater. Two short Ta£LBs furnish nf with the 
basis of computation. 

(A) Divisions of thb Cirolb, ob Angular Mbasurb.^ 

60 seconds (").... make • • . • 1 minute Q 
60 minutes „ ...» I degree (°) 

and these terms are respectively marked ^ ' % so that 5° 51' 28'' is to be read 
5 degrees, M minutes, 28 seconds. 

(B) Mbasurbmbkt ot Timb. 

60 seconds (s.) .... make «... 1 minute (m.) 
fiOtninutes ...... .... 1 hour^.) ^ 

bnt in this instance the terms are respectively marked h» m. s., so that 
6b. 31m. 248. is to be read 6 hours, 31 minutes, 24 seconds. 

B 






COl^TENTS. 



Arithmetic of Nayigation 

Belation of Oii^QQlax Measure to fim^ 

Circles and Angles 

Protractor and Diagonal Scale 

Ship's Place at Sea— Latitude and Longitude .. 
Mariner's Compass 

Vftriatjon of th<B X^onjipaes ... 

Deviation of the Compass ..«. 

Error of Compass 

jjeeway ••• ,,, ,,, .,, ,,, ,, 

Current — Set and Drift 

Log-ship and Log-line 

Sailings ; a Traverse and the Traverse Tables .. 

Latitude left and Latitude in 

X/cpaTuure ... *•. ... .•• .«. ,. 

To convert Departure into Difference of Longitude 
Longitude left and Lopgitude in ... ... 

On taking a Departure — Cross Bearings 

Day's Work 

Ship's Reckoning 

Mercator's Chart 

Examination in Chart (Board of Trade) 

Signs and Abbreviations used on Charts 
jjeacL— xiuc (*** *** *** *** *** *** *' 
Sextant and Quadrant 

Adjustments of the Sextant (Examination Paper) 

To Bead the Sextant 

Tides and Time of High Water 

Magnetism of Iron Ships 

Deviation of the Compass (Examination Paper) 
Artificial Horizon ... ... ... ... .... ... 

Course and Distance by Mercator's Sailing 

Terms in Navigation and Nautical Astronomy (Examination Paper) 

Latitude by Meridian Altitude 

Longitude by Chronometer and Sun's Altitude 

Brief Bules in Navigation for the Yachting Certificate 

International (Commercial) Code of Signals 

PcamanHiiip ••. *•• ... ... ... ... .. 



• • • • • • 


PAOB. 

1 
8 




9 




10 




11 




12 




17 

20 




22 


1 


23 




23 




27 




82 




33 




34 




38 




69 




.46 

47 


.••• 


(?0 
52 




63 




66 


J» • • • • • 


.67 




69 




63 




66 




71 




-f2 




73 




73 


• 


76 




78 


(Appendix) 

.(Appendix^ 

(Appendix) 


1,16 
1,16 
1,12 



ELEMENTARY NAVIGATION 



70B 



YOUNa BEAKEN AKB TAOHTSMEN 



Navigrd'tion lias been defined as the art of cofndacting-^in the sense of 
piloting or guiding — a ship from one port to another ; and this piloting on. the 
open ocean, far out of sight of beacons, landmarks and lighthouses, crests on the 
determination of Dirbotiok, DiaTAKOB, and Rblativb Position,— combining 
observation with calculations that are the practical application of Geometry 
and Astronomy. It is the purpose of this little work to explain the use of 
the instruments, and the kind of calculations, that are reqxiired in Navigation^*) 
as well as the usual methods that are adopted from day to day during a voyage- 
to find what is called the 8hip'« Place at Sba, which is the baain on which' 
rests the direction of her course towards the port of destination. 



ARITHMETIC OF NAVIGATION. 

r 

The first thing to be considered is — Do you understand the Arithmetic oj( 
Navigation? — ^if yon do not, it can be explained in a few pages, and these tha 
beginner would do well to carefully read ; he who is proficient u^ this knowledge 
can pass on to the next subject — '' Circles and Angles.-' ^ 

It is of course taken for granted that you are well up in the four rules o^ 
simple arithmetic — addition, subtraction, multiplication, and division — ^which 
are as (9)n8tantly required in Navigation as in daily business transactions.. . '< 

Let us begin with the arithmetic of the Circle and . of Time, the parts of 
which in both are divided sexagesimally, or, in other words, stxti^ of a less 
denomination make one of a greater. Two short Tables furnish n^ with the 
basis of computation. 

(A) Divisions of the Circle, or Angular Measure. 

60 seconds (").... make .... 1 minute Q 
60 minutes „ . • . • 1 degree (^) 

and these terms are respectively marked ^ ' ''^ so that 5° 51' 28^ is to be read 
5 degrees, M minutes, 28 seconds. 

(B) Mbasurbment of Time. 

60 seconds (s.) .... make .... 1 minute (m.) 

60 minutes . . . : . „ .... 1 hour (h.) ' ^ 

but in this instance the terms are respectively marked ha m. a., so that 
6h. 3Im. 24s. is to be read 6 hours, 31 minutes, 24 seconds. 
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NavigatlOXl lias been defined as the art of conducting-^in the sense of 
piloting or guiding — a ship from one port to another ; and this piloting onuthe 
open ocean, far out of sight of beacons, landmarks and lighthonses, rests on the 
determination of Direction, Di&takgb, and Relative Positiov,—- combining 
obsenration with calculations that are the practical application of Geometry 
and Astronomy. It is the purpose of this little work to explain the me 'of 
the instruments, and the kind of calculations, that are required in Navigation;) 
as well as the usual methods th&t are adopted from day to day during a voyage, 
to find what is called the Ship's Place at Sea, which is the band on whidi 
rests the direction of her course towards the port of destination. . 



ARITHMETIC OF NAVIGATION. 

The first thing to be considered is — Do you understand the Arithmetic oj( 
Navigation ? — ^if you do not, it can be explained in a few pages, and these tha 
beginner would do well to carefully read ; he who is proficient in this knowledge 
can pass on to the next subject — <* Circles and Angles.-' r 

It is of course taken for granted that yoii are well up in the fpur rules of^ 
simple arithmetic — addition, subtraction, multiplication, and division — ^whicB 
are as (9)nstantly required in Navigation as in daily business transactions.. . ^ 

Let us begin with the arithmetic of the Circle and. of Time, the parts of 
which in both are divided sexagesimallyy or, in other words, sitBty of a less 
denomination make one of a greater. Two short Tables furnish U3 with the 
basis of computation. 

(A) Divisions of the Cirolb, or Akgulab Mbasubb. 

60 seconds (").... make . « • . I minute Q 
60 minutes „ • • • • I degree (°) 

and these terms are respectively marked ^ ' ^, so that 5° 51' 28'' is to be read 
5 degrees, &1 minutes, 28 seconds. 

(B) Measurement of Time. 

60 seconds (s.) . . . . make * • • . 1 minute (m.) 

60 minutes . . . ^ , ^ .... I hour (h.) ^ 

but in this instance the terms are respectively marked h» m. s., so that 
6b. 81m. 24s. is to be read 6 hours, 31 minutes, 24 seconds. 
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The first thing to be considered is — ^Do yon understand the Arithmetic o{ 
Navigation 7 — ^if you do not, it can be explained in a few pages, and these tha 
beginner would do well to carefully read ; he who is proficient i^ this knowledge 
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It is of course taken for granted that you are well up in the four rules ot^ 
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Navigation lias heen defined as the art of conducting-^in the sense of 
piloting or guiding — a ship from one port to another ; and this piloting on. the 
open ocean, far out of sight of beacons, landmarks and lighthouses, rests on the 
determination of Direction, DiaTANCB, and Relative Positiom,— combining 
observation with calculations that are the practical application of Geometry 
and Astrotiomj* It is the purpose of this little work to explain the use 'of 
the instruments, and the kind of calculations, that are required in Navigation^ 
as well as the n^ual methods th&t are adopted from day to day during a voyage 
to find what is called the Snip'a Place at Sea, whidi is the baeid on whidi 
rests the direction of her course towards the port of destination. ^ ■ 
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ARITHMETIC OF NAVIGATION, 

r 

Thb first thing to be considered is — ^Do you understand the Arithmetic oi^ 
Navigation ? — ^if you do not, it can be explained in a few pages, and these the 
beginner would do well to carefully read ; he who is proficient in this knowledge 
can pass on to the next subject — '* Circles and Angles.-' » 

It is of course taken for granted that you are well up in the four rules of 
simple arithmetic — ^addition, subtraction, multiplication, and division — ^whicl^ 
are as csonstantly required in Navigation as in daily business transaction's,. . v 

Let us begin with the arithmetic of the Circle and . of Time, the parts of 
which in both are divided sexagmmally^ or, in other words, sttety of a less 
denomination make one of a greater. Two short Tables furnish ub with the 
basis of computation. 

(A) Divisions of the Circle, or Angular Measure. 

60 seconds Q . • • . make • « . • I minute (') 
60 minutes „ .... I degree (°) 

and these terms are respectively marked ^ ' ^^^ so that 5° 51' 28'' is to be read 
5 degrees, &1 minutes, 28 seconds. 

(B) Measurement or Time. 

60 seconds (s.) .... make «... 1 minute (m.) 

60 minutes ...... .... 1 hour (h.) ^ 

but in this instance the terms are respectively marked h» m. s., so that 
6b. 31m. 24s. is to be read 6 hours, 31 minutes, 24 seconds. 
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ELKHSNTABT NAVIGATION 



It will here be perceived that though the lower denominations in both Tables 
are known by similar names — seconds and piinates — jet haye they different 
signs to distinguish, them ; nqr are these signs (which represent yalues) inter- 
changable, for, as will be presently shown, a second of time has 15 times the 
yalue of a second of angular measure, and so also as regards the minutes. 

This appears to be the proper place for drawing attention to the Abith- 
XBTioAL SiOKs which are most frequently used in computation; they are as 
follows: — 

« epuU U, is the sign at Bqnality ; as 00 mhiiites » 1 hour ; Itiat is, 60 minutes aire 

equal to 1 hour. 
+ plw (more), is the sign of Addition ; as 8 -)- 7 a 15 ; that is, 8 added to 7 is equal 

to IS. 
» mimu QesB% is the sign of Subtraction; af 9 — 3 » 6 ; that is, 9 lessened by 3 is 

equal to 6. 
X multiplied ^, is the agn of^ultipUcation; as 9 X 12 » 108; that is, 9 multiplied: 

by 12 is equal to 108. 
-^dUfided by, is the sign of Diyision; as 84 -4- 12 » 7; that is, 84 diyided by 12 is 



equal to 7» 



Rbductioh, 



One of the earliest processes in our arithmetic will be BeducUonj which is the 
conyerting or changing a quantity from one denomination to another without 
idtering its absolute yalue. Take an example from money: we know that 
100 ahillingB make JC5; that is, the shillings here indicated haye the same 
yalue as the pounds ; to get the £5 we dinde the 100 by 20 (since 20 shillings 
make JBl); for the reyerse process we multiply the 5 by 20, which giyes us the 
100 shillings, hence the following rule: — 

Qbmbral Rulh fob Rbduction. — Consider how many of the less denomi- 
Illation make 9ne of the greater; then multiply the higher denomination by thia 
number, if the reduction is to be to a less name ; or diyide the lower denomina* 
tion by it, if the reduction be to a higher name. 

In Angular Measure and in Time (by Tables p. 1), 60 of the less denomina- 
tion make one of the greater; hence, as the case requires, we must multiply or 
diyide by 60, 



JBv.— In 6h. 48m. lis., how many seoonds f 

5h. 48m. lis. 
60 

3'48 miinutes. 
60 



20,1891 seconds. 

Here, 5 multiplied by 60*giVes 300,* to 
which add 48, and the lesuit is 348 
minutes.' Then 348 multiplied by 60 gives 
20,880, to which add 11, and the final 
result is 20,891 seconds. 

And similarly for any other quantity. 
Thus, 18' 42' reduced to ' give 1,122*. 



J^0.— *In 505' how many degrees? 
6,0)60v6 

8*25' 

Here, for simplicity, by striking off the 
from 60, we must also strike off the unit 
(last) place from 605 ; theiu say 6 into 50 
gqes ^ tipieq and 2 oyer; write down 8, 
and bring down the 5, placing the 2 before 
it^ the r&ult will be 8^ 26'. 

And similarly for any other quantity. 
Thus, 768s. reduced to minutes give 
12m. 43s. 



JVb^.— Before proceeding to tihe ne^ rules, it vrill be sufficient to remark, once for all, 
mat like denominations (as in every other computation of compound quantities) must 
stend directly. under each other; thus, degrees must be placed under degrees, ' under ' 
and ' under '; and so. with hours, minutes, and seconds. 
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Additiok. 

. Take fhe sum pf the oolnmh of Beoonds and write it down/ff less than 60; if 
the sum exceeds 60, find how many minutes are contained in it, then writd down 
the remaining seconds, and eany the minutes to the column of minutes. Next, 
take the sum of the column of minutes, and write it down if less than 60 ; if the 
sum exceeds 6,0, find how many degrees are contained in it, and write down the 
remaining minutes, carrying the degrees to the colunm of degrees. Finally, 
take the sum of the column of degrees. 

Proceed in the same manner if the quantities are honrs, minutes, and seconds, 

• ' • h. m. r. o # 

' (1) 28 17 49 (2) 3 46 16 (3) 108 49 

49 80 40 > 8 48 3 52 

79 4 57 . 8 49 20 : — 



Sum 156 53 26 11 23 35 



Bam 112 41 



In (1) the sum of the column of seconds is 146, but we write down 26 and carry 
2', because 146' make 2' 26' ; the sum of the column of minutes, with 2 to carry, 
is 58', which we write down at once ; the sum of the degrees is 156^» 
The operation is the same in (2) and (8). 

SOBTBAOTIOV. 

In the lower denominatipns, when the qu^intity to be subtracted is less than 
the other, the process is simple ; if it be greater, we must borrow 1 of the next 
higher denomination, which, expressed in tonus of the lower, is 60. 

o ' ' o ' * h. m. A 

(1) From 18 49 30 (2) 16 19 30 (3) 15 8 42 

Take 7 20 15 2 44 46 5 3 48 



Bern. 11 29 15 13 84 44 10 4 54 



(1) is simple enot^erh. 





2) requires explanation. In the column of seconds we cannot take 46 from 
80,' but by borrowii^ 1' (U. ^(f), B(f becomes 90^, and 46 from 90 leares 44% 
which write down. Then, baring borrowed under the head of seconds, we say 
45 from 19 in the cc^nmn of minutes, but can get no result unless we borrow 1^ 
(t.e. 60'), and then 45' from 79' leaves 84', which write down. Finally, having 
borrowed in the minute column, carry I to tiie 2^, and say 8^ from* 16^ leaves 18^. 

The principle is the same in the case of hours, minutes, and seconds. 
' In Navigation; it is very often required to take the upper line from the lower; 
this should be practised, as it does not look well to make a transposition of the 
quantities. 

Q 0. O t 9 4 

(1) Take 76 52 (2) 127 17 41 (8) 275 11 16 

From 90 180 360 



Bern. 13 69 8 52 42 19 84 48 44 

^^_^^^^^_^^_,^^^^^^^^H ^_^^^i^^^^^^^^^^^^^^^_^^ ^^^MMB^^^^^^^^^H^^^HI^^^ 

^■HBiHiBB^^H mm^i^mm^i^m^a^^ma^ ^Si^lH^B^^B^^^V^ 

In (1) we say 52' from 60^ leaves 8'; carry 1 to the minutes, then 1' from 
60' leaves 59- ; finally, carry 1 to the degrees^ and 77^ from W^ leaves 18^ 

(2) and (8) are operations of a similar character, and it will be perceived that 
60 is borrowed in each of the lower denominations. 
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MuLTlPLIOAtlON. 

. Aft exainplft will best explain the method ; begin with the bolnnmofaedoikHs. 

(1) Molt. 48 46 13 (2) Halt. 106 4 53 r 

By 2 4 

97 32 26 424 19 82 

Take (1): trnce 18 are 26, which write down in colamn of secondB, since 26 
18 less than 60. Twice 46 are 92, but 92' » 1° 32'; therefore write downi82 
in column of minutes, and carry 1^ Twice 48 are 96, andl° to carry, make 97°. 

Division. 

An example will best explain the method ; begin with the degrees, then take 
the minutes, and lastly &e seconds. 

JSv. 1.— Divide 147*» 15' 40* by 2» Ms. 1.— Divide IbSP 47' 36* by 4. 

2)147 16 40 . 4)l5i 47 36 

. .7a 87 50 38 11 54 • 



Tn Ex. 1, 2 into 147 gives 73 and 1 over {ue. 1® or 60') ; then 60' and 15 
make 75, and 2 in 75 gives 87 with 1 over (t.^. 1' or 60'); finally, 60 and 40 
make lOQ, ai\d 2 into 100. gives 50. . . . . r 

Enough has now been said on the arithmetic of the circle and of time, and we 
next proceed to explain the nature of Decimals, without a knowledge of which 
we should be unable to use either the Nautical AlmaniEic or the usual Nautical 
Tables that aid us in finding a ship's place from day to day. ^ 

' Dbcimals. 

When we speak pf an eighth (^), a quarter (^), a third (^), a ha}f (W two- 
thirds (})rw three-fourths (})t>f anything, say of a mile, we mean a fractional 
part of tne mile, and the aritnmetic of these values is termed Vulgar Frdctunia, 
But, in; computations counted With Navigation, %he, same values are expressed 
decimally — i.e. as Decimal Fractions — ^becaufte by their aid we get better resuHtf 
with fewer figures than if we used vulgar fractions. 

Decimal fractions are distinguished by a dot placed before the figure, and ar^ 
read as tenths, hupdredths, thousandths, d^c, only; thus, ^1 stands for -i\» (one- 
tenth), *8 for ^ (tfarecrtenths), -25 for HAs (twenty-five hundredths), -125 for 
t\AAr (125-thou8andth8), and so on. 

The relation of Decimal to Vulgar Fractions may be illustrated as follows : 
The vulgar fraction j^, when written decimally, becomes -5, i.e, -Ai or 5 divided 
by 10, because' 5 parts of anything that is divided into 10 parts is. the same 
as one-half -of the whole (unit)^ similarly, ^ becomes a^ decimal in the form 
of '25, t.e. ^5 divided by 100, because. 25 parts of 100 parts is the same thing 
as one-quarter. 

Cyphers after (affixed to) decimal parts do not alter; their value; thus *5, *50, 
or *500, each expresis an equal value — ^, V^, or i^^ i^ kalf a imit. But 
cyphers, before (prefixed to) decimal parts decrease the value tenfold for each 
cypher; thus, while *5 is VW or -J, '05 is only -Hb or A, and similarly -005 
becomes rhr. 

lliis explanation k not to be taken as trivial, or out of the course of our main 
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(snbject, beeanse when we come to ispeak of the Naaticjal Almiinao, we shall find 
most of the corrections extend to hundredths and thousandths. 

Caution. — After what ba^ been written here, avoid a. very common error in 
expressing decimal* parts ; for instance, never call 75 seventj-five tenths, but 
75-hundredths. 

Nate. — ^A Vulgar Fraction may always be tamed into a Decimal Fraction, by dividing 
the fignre above t^e Une (or nomeraror) by the figure below- the lin^ (or denoniinatpr), 
affixing as many cyphers to the numerator as are required ; thus, | s L^ s *125. 

Having explained the nature of decimals, it may now l^ stated that in , the 
arithmetic of *NavigatiOn tha numbers are not entirely decimals/ but in the 
majority of instances consist 'of' whole numbers (or integers) and decimals, as 
when we write 28*8 miles for 28 miles and 8-tenths of a mile, the figures to the 
lejl of the decimal point being integers^ and such as are to the right decimaU, 

Addition OF Dboihals. 

Arrange all the quantities so that the decimal points may fall in a line directly 

«n4er each other, an^ then proceed. as iii simpU addition.^ 

\ Note, — ^By this arrangement units are added to units, and tens to tens, &c., on the 
integer {i.e. left) side of the decimal point ; and as regards the decimals (to the right of 
the point), tenths are added to tenth's, hundredths to hundredths, &c., and so on. 

.Kp.— Add together 324* 4 + 56' 1^ + 4* 7 JE^.— VThat is the sum of 8* 5 4- 32* 46 + 

+ 24- 3 + 127. ^V 267 + 36- 9 + 862- 49, 

324* 4 8* 5 

56-9 32-46 

. . , *-7. , * 987-9e7. , . 

24*8 86*9 

li7'0 362' 49 ; 

Bum 537- 8 Sum 1427' 617 

BjDBTRACnOH OF DBGIMAtis, 

. * Arrange the two quantities so that the decimal points may fall lender each 
9ther, and then proceed as in simple subtraction. 

From 846* 5 From ,.,.., 88* 56 

Take 56' 8 Take 7*879 

'. . . 4 

Bemainder 789* 7 Bemainder 30* 681 

r » * * *■ ■ • • - * I * ^ . 

From 24* 09 . 

Take 4*7 As there is no' figure in the upper lin^ 

^ above the 9 in the lower one, is con- 

Bemainder 19*. 39 . . sidered to be expressed in the upp^ Une. 

Multiplication of Decimals. . 

Write the quantities under each other, and multiply exactly as in simple 

multiplication; then, in the product, strike off to the right as many decimal 

places as there are decimals in both factors { and if there are not so many. t)ie 

defect must be supplied by prefixing cyphers, 

JSfar.— Mult. 25* 46 by 8* 4 JS0.-^Mult. Q* 806 by 12* 4 

26' 46 . '806 

8*4 .12*4 :.; 



10184 3224 

20368 9672 

^»duct 213- 864 . . Product 9» 9944 
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^•— Holt ... 0* 004 For the sake of abbreriatloii, the Moond factor (S* 7) has b«eii 

By 3- 7 moltipUed hj the upper one; and as 87 multiplied by 4 gives 148, 

^ and tnere are four decimal places in the two faotors, is pre- 

Produol 0'0148 fixed to 148, and the whole product is a dedmaL 

* » 

Divisiov or Dboihals. 

' Proceed as in simple division, and then strike off, in the quotient, as many 

dedmal places as the dividend has decimal places in excess of the divisor ; if there 

are not so many, the defect must be supplied by prefixing cyphers. 

JSv.— Divide 612 by 186. 

136)612(4* 6 
544 

680 
680 

• • • 
Here 136 into 612 goes 4 times, and leaves remainder 68 ; to the latter is affixed ; then 
136 into 680 goes 5 times; now the in this case is a decimal, and gives the dividend one 
decimal place in excess of the divisor ; therefore the 5 in the quotient is a decimaL 

JSr^Divide 276 by 845: . : . 

.... 846)276-0(-'8 

276 



Here the dividend 276 is not divisible by 345, except by affixing ; after which the 
divisor goes 8 times into the dividend ; now the being a decimal, tibe 8 in the quotient 
is also a dedmal, according to the rule. 

.BiDVOTtOH- OF DsoncALa. 

This is fhe last role that we have to consider, and the form it most commonly 
takes for the purposes of Navigation is, reduction of seconds to the decimal of a' 
minute, or of minutes to the decimal of an hour, generally the latter, as when 
we 'have to correct the elements taken from the Nautical AlMatiac f6r any other 
time than Greenwich noon. 

1. Bide for reducing a lo^^er denomination to the decimal of a higher one. 
By Table A or B, p. 1, the divisor is 60; therefore write down Sie ffiven 
number of minutes (or seconds, as the case may be) and divide them by 607 

JSv. — ^Beduce 42 minntas to the decimal JSb. — Beduce 38 minutes to the decimal 
of an hour. of an hour. 

60)42' 0(' 7 60)33-0(-66 

420 800 



Therefore, 43 min. is seveU'tenths of 
an hour; and if, in this case, the given 
time had been lOh. 42m„ we should ex- 
press ^t, decimally, as 10* Zh., i^ 7 hours 
and 7-teatlui of an hour. 



800 
300 



• . • 



Here we see 88 min. is 65-hundredth8 
of an hottr, and if the given time had 
been 8h. 3dm. we should write 8* 65h. 

We can adopt a shorter method of getting the same result, as follows : — The 

unit place in the 60 being 0, we can reject it if we make the unit place in the 

minutes a decimal ; and tbe divisor is 6, Thus, using the examples above^ 



irOB TdUKG flXAMEK AND TAOHTSMSN. 

6)4*3 

And by a similar prooesB' we can make a shert table, to which we shall hare 
to refer in the futare. 

(0) Minutes expr^ued a$ the Decimal of an Howr. 




min. Tionr. 


min. hour. 


min, hour. 


8 a 06 


21 a *85 


89 - -66 


.6 « -1 


24 -•4 


42 a "7 . 


9 = -16 . 


27 a -45 


46 a -76 


12 = -2 


80 = -5 


* 48 = -8 


16 a -25 


S3 a -55 


61 a -85 


18 a -3 


86 a '6 


54 a -9 




• ■ • • 


• 57 « -96 



Bi\t the table may be adapted to yarioas clenomiuatious. Thus, using the 
Goluxnn gf minntes as seconds, the hour colninn becomes decimal of a minute ; 
or nmng- the column of minntes as minutes Q t>f' circular measure, the hour 
column becomes decimal of a degree (^); for instance,' 18' aa'O'S^, t>. 18' «» 
S-tenths of a desree. ♦ 

, Noi^. — J% praetiee it is smffieientlif aceurate to M$e htt one deeimal place; t^na we 
flhonld say 14m. » ^2 of an hour, since 14 is neaier to 12 tlum to IS ; bnt 16m. « *8 of an 
hoar, beoause 16 is neaier to 18 than to 12; and so for other quantities^ always- aroid an 
excess of figures, for otherwise you may ** strain at a gnat and swallow ^ CameL" 

■ 

2. The revene process of reducing the decimal of a -higher denomination inta 
its equivalent lower name is seldom necessary in Nayigatien; it will therefore be 
BufficieQt to say that you must multiply the decimai part of tiie higher denomi^ 
nation by as many of the lower name as make one of the higher. <■ 

For JSv. — In 6' 45h., how many houn and minntes? 

•45 Therefore 6*46h. (i«. 6 hours and 46-huadredthtf of an hour) « 

60 2h.27min. 



27-00 . 



The beginner is to understand that he must be complete master of the 
Arithmetic explained in the previous pages before he can make any progress in 
the study of Navigation. 



I am about to forestall a little here, and I do so in order to group together 
such calculations as are of a similar character; they will not be wanted until 
you have acquired a good knowledge of the subject, but Ihey are nevertheless 
such as are in constant requisition in Navigation, and it will be better to refer 
back than to introduce them hereafter, If you prefer to leave these subordinate 
computations for the present, go on to ** Circles and Angles," p. 9j if yon 
chose to look liem through now, I will endeavour to explain them as simply as 
possible. 
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RELATIOlSr OP CIRCULAB MEASURE TO TIME. 

Th^' dtcmof^Nnce of etery. circle is' dtvided into 860 eqtial' parts, called 
d^rees; now the earth/ whose circnmference as a sphere i^ 860^, tarns .on its^' 
axis in the direction of this circnmference once in 24 hours ; therefore the 860^ 
of circular measure are.ihe'equiyaleni'of 24 hours; diTiding 860 hy 24^ we get 
15, and hence 15^ of circular measure are the equiyalent of 1 hour. We say, 
astronomically, that as a complete rotation of the earth on its axis is performed 
in 24 hours, meridians 15^ asunder are thus hrought to the sun at regular 
intervals of bne hour. This gives uii the following Table ;— 

In GlEC^lAR MAASUBB (Abc). ' Ik Timb. 

- .36(y*^«\ . * . . «24hour$, 
16*^ , .. * .« • ,♦ =» . 1 hour, 
f 1® ,••.«•• «> 4 ihiiiiites (i.^. the 16th part of an hoiir). 

15' (i.0. i of a degree) » 1 minute. 
1' • b •••«>* 4 Beconds (i.«. the 15th.part of a minute). 
15' • • • t • • » 1 Bcicond. 

f 4 , 1 , - . ; . . . , • • •' 

This Table famishes the following rules :— ^ 

* • « . ' ... 

. To CoiiyBRT TiMB ikto Circulab Hbasubb (Arc), multiply the time by 15 
(or by 8 and 5 successively, since 8 x 5 «» 15); then the seconds of time 
become seconds C^) of arc, the minutes of time become minutes (') of arc, and 
^ hours bectHnedegrees. • 

Or, if w^ turn the hours info minutes, and divide by 4, then the minutes of 
tone give degrees, the seconds of time give minutes (') of arc, and the renuiinder 
(if any) multiplied, by. 60 and divided by 4 gives seconds (^) of arc. 

I!w,—la 8h. 40m. 348. how many^ ' '. 

'^- n« BL Sk il> m. 8. 

8 40 34 Orthus^ 8> 40^ 84 

8 60 



42 4)620m. 848. 
5- = 



180' 8' 80* 



f ' 130" 8^ sar , . .* 

To CoMVBRT Circular Measurb (or Arc) into Timb, the shortest method 
is to multiply the degrees and minutes (° and ') of arc \)j 4, when the minutes 
(') of arc become seconds of time, and the degrees become minutes of time 
which reduce to hours by dividing by 60. 

JE&9.— Convert 137° 26' into its equiyalent time. 

ISr 26' ^ 
J 4 



6p)54,9m. 448. 
9h. 9m. 448. 



- • 

i Both these €K>mpntation8 relate to the conversion of Longitude (which is. 
circular measure) into Time, and Time into Longitude. 
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CIRCLES ANi> angles; 
We will draw a circle. Open a pwr of dividers (compasses) so that the 
distance between the two points ia equal to the distance from c to a (Fig, 1); 
with one p6int fixed at c, let the other point, starting from a, revolre once 
ronnd the fixed point, and the geometrical plane figure called a circle has been 
described ; the continuouB curved line a b d E a bounding the circle is called 
the ciBGUHFKRiKCE, Bud o IS tile ceittre of the circle, from which the drcmu- 
ference is eyerywhere equally distant. 

In a similar manner a circle of on; 
site can be drawn; as, fur example 
(Fig. 1), the circle with the dotted 
line. 

Note.— The terms circle and cinmm- 
ference are vixy gCDerall; used the one 
_ for the other, bot thii Is sot strictly cor- 
rect; the circamference bounds theciTcle, 
and the circle is Uie entire area, qmcc or 
surface included within the cjrcum- 
. fereoce. 

Any straight line, as b E, drawn 
from one part of the circnmference 
to another, bnt passing through the 
centre of the circle, divides the figure 
into two equal parts, each of which 
is called a SEiiiciROLE, as b a x and 

The line b e is called th6 duhetkb of the circle. 
. Any straight line, as o b or c b, drawn from tlie centre of the orcle to the 
drcnmference is a BADirs ; and it is evident that the line c B is equal to the line 
p B, which together mike np the diameter B E, therefore the diameter is twice 
the raditis, and the radiua tjie half of the diameter, 

.' If two diameters cross each other so that they divide each semicircle into two 
^ual parts, and conBequentlj the circumference infoybur equal parts, each part 
;— aa B A, A ■, K D, and u b — is called a qdadeaht. 
] An IRC is any portion (long or short) of the circnmference, u a f, or b f. 

The circumference of every circle ia divided into 360 equal parte, called 
DEOBBBa ; each degree int« 60 equal parte called minitttt, and each minnte into 
60 eqodl parts called aeamde; which are respectively marked ^ ". (See p. 1, 
Table A.) 

Since the circnmfAence of a circle contains 860°, the half of it (a lemicircle) 
contains. 180°, and the quarter of it (a quadrant) contains 90°. 

All that has been said in respect to (lie outer circle in the Jig, applies eqnalljr 
to the inner one. 

An AHOLK may be described as the inclination of two straight lines towards 
each other, or, as the opening between two straight lines which meet in apoint ; 
thus F o A, or simply o, is the angle (Fig. 1) contabed by the two lines o f and 
^ A ;* these lines are called legs, 

• When an angle ia spoken of without reference to the lines by which it ia formed, it 
is named by the single letter at the point, as o ; when the lines are referred to, the three 
letters are introduced, the letier «c the poiitt being. the liberal one, as r c A. , 
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An angle is meeuured t^y an are of^e circle j of whidi the point is the centre; 
tbns the angle f o a ^Fig. 1) is measured by the arc f a ; it is equally .measured 
by the inner dotted arc, since both arcs contain the same number of degrees* 
To express this in another fonui we say that any angle contains the same 
number of degrees, minutes, &c., as are contained in the arc which subtends it ; 
and from this it also follows that increasing or diminishing the length of the 
legs does not in any way change the measure of the angle ; if we extended the 
legs c F and c a to the length of a foot or more, and from the centre o described 
between the legs an arc of a circle with a radius of a foot, that' arc would still 
be the measure of the angle f o a ; neither arc n<A^ angle would haye increased, 
for the arc would still be^^ the same proportion to the eirele of whidi it formed 
a part, as the arc f a does to the circle ▲ b d i^ a. 

When the arc that subtends an angle is a quadrant (90°), as the arc A b, 
then the angle, as b c a, is a right angle, also of 90% and the two legs are 
perpendiculars ; an acute ao^le contains leee than 90% and an obtuse angle more 
than 90% 

To measure or to lay off angles and distances we use 

The Pbotbaotob and Diaoohal Scalb. 

The protractor is a small semicircle of brass or horn, the circumferenee of 
which is neatly divided into degrees, and the centre of the straight edge ia 
marked by a dot or small notch. It senres not only to draw angles, but to 
measure those already drawn. To measure an angle, let the notch or dot be 
placed on the angular point, and make the edge coincide with one of the lines 
that contains the angle; then the number of degrees cut off by the other line, 
computing on the semicircular part of the protractor, will show the yalue of the 
angle that has been measured. ^ 

The horn (and consequently transparent) protractor represented on Kg. 8 of 
Plate I. is marked to degrees, and points of the compass. It is very useful in 
chart work if a hole be drilled where the dot stands, and a length of thread be 
piserted therein ; then, courses can be marked off, and bearings laid down, without 
the aid of the ordinary parallel rule. An angle is measured by it in a slightly 
different way from that described above; as an example, we will measure the 
angle f g a on Fig. 1, p. 9: place the dot over the point at o, and also the line 
extending from this dot to o (on the circumference of the protractor) over the 
line A ; then it will be seen that the line o f in the fig, coincides with the line 
on the protractor extending to 45° ; hence the angle f c a measures 45% In a 
similar manner, with the edge of the protractor over d a, and the dot over o, the 
line from the dot to o is over o b, and the protractor shows that the angle b o a 
is 7 points or 78}°, and the angle god measures 1 point. 

The oblong ivory protractor is marked in degrees along three sides, but it is 
used in the same manner as the semicircles. There are other scales on it, as 
the scale of chorda (marked Gho. in Fig. 4, Plate I.), which is also used to 
na^asnre and lay off angles; and there is the diagonal scale of equal parts 
(Fig. 2) to measure distance. 

I will explain the use of the diagonal scale, taking the top row of figures . 
the 1, 2, 3, dsc, may be taken as units, tens, or hundreds; if as units, then the 
divisions from b to a will represent decimals ; if as tens, the same divisions will 
be units ; and if as hundreds, then these divisions will be tens. Suppose, in 
drawing a geometrical figure, you have to lay off 58 miles; in this case put 
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one ptnnt of tlie diridera in 6 (for 50) Bnd exUnd the oUier point to the 6th 
divirion from b in the direction of a, and yon have 58 ; tiie bottom, nm of fignrea 
is for the same ptirpoM, but thenQolleranb-diTisioneftretftkaimtfaeditectioiir; 
and remember tiiat in the Bame projection 70a cannot cluuige the Talnft of tlie 
scale, now calling it bnndreda, and now tens. Yon viU bettv nndenrtand the 
nae 6f this wale when we project the traverte of a da;'* mn. 



THE SHIPS PLACE AT 6EA. 

LlVnUDI AXD LOKOITDDK. 



Our nest adrance is towards a knowledge of what is meant bj a Ship's 
Flack at Sea. 
The earth as a sphate reTolrisg on an iinag^ai7 axjs has two poUt, which 
are the ends of th« axis. That pole which 
IB adjacent to Europe is called 1^ common 
consent the North Polh, and the other ia 
the BoDTH Pou. fiow, an; circle that 
divides a sphere into two eqaal parts is a 
great circle, and of these there are many 
around our earth, as well na small circles 
and other lines— imaginary, no donbt, but 
mathematically as real as if the whole had 
an actual ezietenoe. 

The principal great oiicle passing round 

onr earth is the Equator (k q, Fig. 2), 

which is midway between the poles, and 

90° from each of them; it dirides the sphere 

int« two equal parte — the northern hemit- 

phere and the totUhem kemitph e re - and is the starling poiat &om which LATrruDi 

is reckoned, so that any place on the Equator is said to be in Lat, 0°; the 

H. pole is, therefore, in Lat. 90° K., and the S. pole in Lat. 90° 8.; any inter- 

metUate place between the eqoator and a pole mnrt hare its latitude something 

between and 90", and it will be N. or S. according to whether it be in the 

JPortheni or t^outhera hemisphere. In ^1^. 2 the lines parallel with tiie 

eqnator represent small circles called paballkls, and each indicates a giTot 

distance from the equator, and as in this case they are 1S° >pu^> *^J place on 

the small circle a b vonld be said to be on the |»raUel of 6(r N., or otherwise 

in Lat. 60° K. 

In our Jiffure, the circles whid) meet in the polefl R and s are tiie great drdes 
called MaRiniANs*, and thej' are all perpendienlar to the eqnator; % their aid 
LoNommR is reckoned. It has been shown that the starting point for latitude 
is the equator; there is no such well defined position for longitude, hence 
different natioDB chose different meridians as the initial point of reckoning; we 
select Greenwich; the French, Paris; the Spaniards, San Fernando ; and so on. 
The jfrsf meridian being determined on (as Greenwich, indicated, let us say, by 
the diick line in Fig. S), then, looking north, any place on a meridian to the 
right of that of Greenwich is said to be in East Long.; tmy place to Hie left of 

* SocaiUedbeosiiaeatnoonarmiiWay tlienmiBonthemeiidianof B,^Me. 
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ihe skme meridian is dn West liong.; and lOngitade is reckoned In this 
.manner E, or W. through 180^, whi<£ is the greatest longitude a place can 
JiaTCi Hie meridians in the figwre are drawn 15^ apart, therefore a place 
situated anywhere, in ^ther hemisphere, on the first circle to liie left of the 
dhick circle (Gbroenwich meridian) would be in Long. 15° W., as a place on the 
first circle to the right of Greenwich meridian, would be in Long. 15° £.« and 
80 on. 

Thus we define Longitude as an care of the equator (because it is measured 
along the equator) between the meridian of a fixed station and the meridian 
passing through any given place, reckoned E. or W. to 180° ; and we define 
Latitude as an core of the meridian between the equator and anj giyen place, 
because it is nieasured along the meridian, reckoned in a N. or Q. direction. 
' But if we know the Lat. of any place and not the Long., or, on the' other hand, 
the Long, and not the Lat., its position on the earth is not, determined, because", 
if W6 say it is in Lat. 42° N., it may be anywhere* on- the parallel of 42° N: in 
E. or W. Long., in the Pacific or in the Atlantic Ocean; similarly, if we say a 
place is in Long. B2° E., it may be in Europe, in Africa, in the Mediterranean, 
<ir in th^Bseas so^th of the Cape of Gkxxi Hope. Hence both Lat. and Long are 
required to. fix the position ; and when we say that a ship is in Lat. 46° 2(y N., 
Long. 82° 40^ W., we hare its placb at sea accurately noted — a spot in the 
Atlantic — and a course can be shaped theitefrom towards the port of destination. 
It is part of the routine of a yoyage to determine the ship's place day by day, 
approximately by dead reckoning, and more accurately by obseryation of the 
heayenly bodies. 

We are now in a position to take the Mariner's Compass in hand and under- 
stand its indications. 



THE MARINER'S COMPASS. 

Wlien out of sight of land, the mabibtbr's compass is the only instrument 
that ehows the dibbotion in which the ship is moying ; it is therefore necessary 
to understand its construction and use, together with the corrections which 
must be applied to its indications. 

In the first place you must learn the diyisions of the compass card, and know, 
bow to box the compaesy as the saying is. {See Compass, p. 14.) 
\ The Compass Card is a circle divided into 82 parts, called points of the 
compiass, and standing on the deck of a yessel at sea you must always suppose 
yourself to be in the^sentre of such a circle, the circumference of which is the 
yisible horizon, and towards some point of which the yessel's head is diri^cted.. 
Tlie standard of direction is the meridian passing through the place of the 
yessel, and a small part of this meridian is represented on the compass by a line 
drawn from one part of the circumference to another, but passing through the 
centre of the circle ; one end of the meridional line is named N. (north), l^cause 
the line trends in direction towards the north pole; and the other end, directed 
towards the south pole, is named 8. (south). A second line, passing through 
the centre of the circle, but at right angles to the meridian, has one end- named 
E. (east), and the otiiier W. (west); when facing the North, the East (in which 
direction the sun and other heayenly bodies rise) is on your right hand^ and the 
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West (towards which the same bodies set) is on yonr left. Hence the letters 
N.y S., £., W., represent the four cardinal or chief points of the compass, and 
the two principal lines of which we have spoken (and which give these four 
points), by cutting each other at right angles, diyide all the horizontal space 
around you into quarters, called quarters of tfie compass, ^ 

All the other points are named after the cardinal points as follows : — 

By halving (bisecting) each of the four quarters of the compass, and drawing 
four lines in a new direction from the centre of the circle to the ^circumference, 
we get 4 more points : the N.E. (north-east) point, midway between N. and E., 
and so on with S.E. (south-east), S.W. (soutii-west), and K.W, (north-west), 
all midway between cardinal points; these new directions also give names 
to the four quarters of the compass, as when we say 'Hhe wind is in the 
N.E. quarter,'' — ^meaning thereby not exactly N.E.^ but somewhere between 
N. and E. 

Thus far, by halving the four quarters, or right angles, we have 8 half-Tight 
angles, or 8 points of the compass; and proceeding in a similar manner to halve 
these, we get 8 additional lines, which derive their names from the points to 
which they are contiguous, as ISI.N.E. (north-north-east), midway between N. 
and N.E. ; E.N.E. (east-north-east), midway between E. and N.E.; and so on 
with E.S.E. (east-south-east), f .S.E. (south-south-east), &,8JW. (south-south- 
west), W.S.W. (west-south-wcGt), W.N.W. (west-north-west), and N.N.W. 
(north-north-west). ' ' 

We have now 16 points of the compass, and the remaining 16 (to make' up 
82) are also derived by a similar process to that already explained, viz., halving 
the 16 angles last obtained, and the new points are nam^d after ttte 8 principal 
ones by writing the word by befoie the next nearest cardinal point, as when we say 
N. by E. (north by east, t.«. north in the direction towards east) for the point 
midway between N. and N.N.E.; N.E. by N. (north east by north, ue,. north- 
east in the direction towards north) for the point midway between N.N.E. and 
N.E.; and so forth, as best seen by looking at the compass points in their order 
on p. 14, " Mariners Compass." 

You should know the compass-points, starting from any point, and going to 
right or left. 

The space from point to point is usually divided into 4 equal parts, so that 
we say N. ^ E. (t.e. N. a quarter point towards E.), N. ^ E., N. |. E., N.E. ^ 
N., N.E. ^ N., and so forUi with any point of the compass. 

The angular value of each point of the com^s, or, more properly speaking, 
of the space from point io point, is 11^^ (obtained by dividing 860^ by 32?). 

The points are frequently, in calculations, expressed in their numerical value, 
counting from the meridional line in the direction of E. or W.; thus W.N.W. 
is N. 6 pointe W., and its angular value in the same direction is N. 67^^ W. 
(t.«. 11^^ multiplied by 6); simUarly, N.E. ^ N. is N. 8^ points E., and its 
angular value N. 89^ 22^' E, {see p. 14.)» The outer edge of the card is often 
also divided into degrees. 

Finally, it is to be observed that the term point is commonly used as expres- 
sive of two different things ; thus, when the question is put *' How is her 
head?'* and the reply given is 8.E., the meaning is that the ship is sailing 
towards the'' S.E. point, i.e. direction; bnt when the helmsman is told to " bring 
her up a point," in this case the meaning of point is a change of direction 
through an angular space of 11^°; the mode of expression always removes any 
dcub^. as to wha' is intended. 



■LUtBNTABY HATiaATIQR 



A TABLE OF THE ANGLES 



WUch enrj Point and Qn&rter Pi 



it ol the Compasa makee with tlie Heridiaa. 



Korth 


BoDtb 


ir.lB. 


B.iw. 


NJ.^ 


B-b-W. 


..l,...i». 


&b.ir.»w. 


H-Hi. 


aaw. 


S.K.K 1 B. 


M.W.1W. 


HAbJI. 


B.W.M. 


■A|H. 


i.w.ifc. 


KX 


8.W, 


»*!■. 


■.w.Jw, 


Hi.bi 


B.W.b.W. 


.■.b.H.|K. 


B.w.b.w,iw, 


YJSX. 


VMM. 


m.b.t.iw. 


W.b.B.4B. 


E.b^. 


W.b.8. 


«.iM. 


w.JS. 


But 


Wert 



fl 



N.b.W.iW. 


B.b.B.11. 


HJT.W. 


s-ai. 


ir.ir.w.iw. 


■j^».ii. 


N.-W-b-K. 


S.E.b.8. 



F.w.jw. 


e.B.i«. 


N.W.b.'W. 


8:E.b.B. 


■.w.b.w.iw 


B.B.b.B.il 


W.H.W. 


KSi. 


ir.b.F.iH. 


a.b.s.ls. 


■W.b.N. 


KbJS. 


W.lB. 


■ IS. 


Weet 


&»t 
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' We now know the principle on which the compass card is diyided. 

For practical use the card is made of stiff cardboard, or mica coyered with 
papw, so as to be as light as possible; and before mounting, it Is not nnfre- 
-quentlj termed the fly. 

Bat to pfodooe the mariner's compass we require the aid of magnetism; a 
small steel bar of proper temper is fully magnetised by drawing its opposite 
ends (from the middle in the direction of the ends) across the two opposite ends 
of a powerful magnet ; the bar thus acquires what is called polarity, and when 
suspended, but free to moye only in a horizontal direction, its tendency is to 
resty one end towards north, the other towards south; and the same end will 
iuTariably turn (at any giyen place) towards the same point of the horizon, not 
indi£feiently, sometimes to one point, sometimes to its opposite. Two or moire 
such bars, called tnagnstiG needles, are fixed below, the circular compass card, but 
parallel with its meridional line, so that the N. eifids of the needles shall coincide 
(in direction^ with the N. end of that line, and the 8. ends of the needles with 
the S. end of the same line. An inyerted conical brass socket, called a cap, 
widi a hard stone in its centre, is passed through a hole in the centre of the 

card, and the whole, when accurately balanced on a piyot^ 
will rest horizontally. 

The compass bowl is of brass or .copper, and sufficiently 
large to admit of the card moying freely within, it when 
placed on a hard metal piyot rising from the middle of the 
bottom of the bowl ; the point of the piyot on which the cap 
of the card rests should always be sharp and smooth; the 
coyer of the bowl is glass, which, while protecting the card 
from wind and weather, admits of its indications being 
distinctly seen. There is also a yertical line drawn in- 
side the bowl, which is called the lubber^ s line; finally, 
the bowl, weighted at the bottom, is hung in gimbals, 
so that it shall rest horizontally whether the ship rolls or 
pitches. 

To the deck, in front of the helmsman's position, there 
is firmly fixed a stand called a binnacle, which may be of 
any shape — square, octagonal, or pillar-like — sometimes of 
wood, sometimes of brass (like the annexed figure); within 
It are supports (bearings), on which rest the gimbals of the 
compass bowl, and its moyeable top or coyer is furnished 
• with a glass front, and a lamp, or perhaps two lamps, to 
cast a light on the compass card by night. 

The Stberivo Compass. — ^When the compass card, with needles attached^ 
rests on the piyot in the bowl, and the bowl is placed in the binnacle with the 
lubber's line directed forward, i.e, towards the ship's head, and at the same time 
in the midship line, the instrument for steering purposes is complete. The 
point of the compass close by the lubber's line is said to be the direction of the 
ship's head by compass; if the ship is under sail, it is her ooursb by compass. 

An Azimuth Compass is an instrument similar to the steering compass, but 
of superior make; the card is more carefully diyided, and the outside of the 
compass bowl is fitted with a moyeable ring, to which ,are attached (exactly 
opposite to each other, and in a line with the centre of the cpmpass card) two sight 
yanes that can be. turned down wheii not in use. Sight yanes are merely oblong 
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pieces of brasB with a, Tirtiokl bIK in 
each; the slit of one rane is ver; 
narrow, and the wider slit of the 
other rane ia fitted with a single 
horse-hair for a rertJcal line; when 
f on look through the sight vanes and 
tnm them in the direction of an 
object, yon take the object's htaring^ 
which is indicated by the compasi 
card. In some cases a piifm is sub^ 
ttituted for one of the sight yaaes; 
The azimnth compaea ia placed in a 
binnacle tike the steering one, or on 

K tripod removable at pleasnre, and in the latter case the compass is kept in a 

box (for safetj) when not in ase. 

' The terms aiimath and bearing are sjnonymons. 

When ohtening btaritigi, if the compass is vibrating, take ihe mean of two or 

more. bearings read off as quickly as convenient. 

To reverse a bearing or course, by which yon get ihe 0}^site point, simply 

reverse the letters which compose it; thus, the opposite to N.W, 4 N. is 

8.E. i S. 

Note on expretting Balf and Quarter Points. — There is no fixed system for 

expressing the divisions between tn'o points, bnt the simplest (learnt by practice 

and attention)is the best; thus N.N W. ^ W. is the same as N.W. by N. ^ N., 

bnt the fitat is preferable; yon also hear E.N.E. ^ £. as commonly as £, 

by N, I N.; but you most beware of eoch abenrdities as using E, by N. 4 £. 

instead of E. ^ N., or 8. by £. j, S. instead of S. i E. 

Thb MAaNBTtsiD NiiDLX. — What I am now about to explain is not Navi- 
gation in its strictest sense, bnt it is, nevertheless, fitting that you should know 
something of the nature of Uagnetism, without which we conid have no Mariner's 
Compass; and iinlees yoQ understuid smu, at least, of the properties of tlie 
magnetised needle, you had better not go out of sight of land. 

A simple steel bar (like that nscd on a compass), if delicately suspended at 
its middle by a single fibre of silk so aa to rest only in a horizontal direction, 
would tnm as yon turned it, and rest there : not so after you have mbbod its 
ends on a magnet, and made it a magnetised needle. Then — let ns say iii 
London — however yon pushed it about, it would abvay» oonie to rest with' a 
particular end towards tjie north, bat st the same time that particular end would 
dip downwards at an angle of 67^° with a horizontal line passing through its 
centre. It does this in virtue of the magnetic force it has acquired, and which 
' is at once horizontal and vertical. Elsewhere it might point in a different 
direction and at a different angle. Let us see: if this freely suspended needle 
be taken to the vicinity of the terrestrial equator, it will rest horizontally, 
pointing north and sonth ruarly, but it will not dip ; on leaving the equator, 
and going north, the particular end which pointed northward at the equator will 
continue to do so, but as jon advance more and more north it will dip more 
and more ; and if, on your voyage northward, ynu came to a spot where the 
needle had no horisontal diT9ction, but stood Tertically, iu a line with the sns^ 
/ pending silk fibre, you wonld then be at the magnetie pole of the northern 
nemispbere, which was reached by Capt. <lames Boss, the Arctic explorer, in. 
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1881. la Uie aimthem hemiaphtft, the freely Hnipeuded needle aota In the «am« 
manner u I h»Te jngt described, but there it is the md pointing iouthward thai 
dips; and as this end would be npWMda in the northern heulaphent JW th# 
north trending end is upwards in the soathem hemisphere. 

Yon -will now understand that an irregular ourred line tround the rttth, at 
or near the terrestrial eqoator, where the magnetiMd needle rests in a pWeetlr 
horiBontal position, is appropriately called the magnetic equator, or UiU of no 
dip; that the direction in which the needle trends, whidi is more or less Id the 
direction of a terrestrial meridian, is a mt^iutie mtridiait; and that the two 
places, one in each hemisphere, where the needle Stands : Terticallr, ate the 
ntoynrifc poUs, and Uie dip 90"— that being the angle Uie fieedle makel with 
the horiBon. At any intermediate station between tiie magnetio equator a&d 
magnetic poles the dip will, of coufse, be «t some angle between 0° and 90°. 

All the magnetic elemente hare periodical and secular ohangei of lUgtit 
amount, which are only distinctly perceptible after « lapse of time. 

In sailing, the yertical force is of no use ; We want horiB0n1»l direottoa, hence 
the honzontal magnetic force is what is utilised in the mariner'n coinpass, and 
to counteract the efTect of the vertical force, which gires the dip, emBlI copper 
slides are attached to the needles, or pieces of brass to the under side of the card. 

Does the Mariner's Compass gire us the true direction of Uie tarfous points 
of the horizon?— is the first question to be answered, and that brings tis to the 

Variatios or thb Coxpasb. . 
When off Qieenhithe on the Thames, or off CoWeS, if yon look kt the Pole 
Star (as showing the true North very nearly),' and note its position by compass, 
yon will find it to bear a little northward of H.N.E. (about N. 19* E.) : or, if 
yon look at the sun al noon, when it is on the meridian «nd at Its greatest 
altitude, and consequently (rue South of you, it will be found to bear by compass 
8. 19° W. Howiathis?— Iwilleiylain. In neither hemisphere do the true and 
magnetio poleB oooupr the same place. 
Hie ntagnttic pole of the northern hemi- 
sphere IB 1200 miles south of the earth's 
fnte K. pole, and the magnetic pole of the 
southern hemisphere is 990 miles north 
of the earth's true B. pole. But the mag- 
netic needle points to the magnetic, not 
to the true poles; therefore, referring 
to Fig. 8, if we call N. the true nor^ 
pole, n the magnetic pole, and Na the 
true meridian of the place a, it will be 
seen that if the Magnetic needle at a 
points to n, its direction lies at an angle 
(n a JV) wiUi the true meridian ; but the 
direction of the needle at any place is the 

* The Pole Star (Polaris in tbe Little Bear, which ia easily to\psA by meana of the 

CUrt in the Grest Beat or Charlei' Wtin) is 11° off the true celestial pole, and tiere- 
trm: North unl; twice in 24 hours ; but it ii always so nearly true North that for 
uactical purposes at sea, wbeo in tbe Dorthem hemisphere, it may be taken to ihow tme 
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magnetic meridiaii^ and hence we call the angle ihat the magnetic meridian makes 
irttA the true meridian ike Variation of thb Compabb; the angular value 
(large or small) is the measure of the Fan'afum, and if the direction of the needle 
trends to the right of the tme meridian, as at a, we saj the Variation is East; 
if it trends to the left, as at c, we saj it is West; and if it trends in direction 
with the true meridian, as at ft, we say there i6 no Variation, There are twO 
meridians, trending from one magnetio pole to the other, where the Variation 
is 0^; roQghlj speaking, one of these meridians crosses the Atlantic in a 
diagonal direction and tiience through N. America, the other crosses Australia 
and Central Asia; between them, over one part of the globe, as in the North 
Atlantic, in the greater part of the Sonth Atlantic, and in the Indian Oceans, 
the Variation is Westerly ; and again between them, over the remaining part 
of the globe, as in the whole of the Pacific Ocean, the Variation is Easterly, 

yinte.'^lt is possible that on the retom of the late Arctic expedition yon may have read, in 
some of the JonmaJs or Reviews, that the course on which the ships were steered through 
Bmith and Bobeson straits, on their way to the North Pole, was a Southerly one. This 
yoa will at once perceive (by fig, S) must have been the case, from the relative positions 
of the magpietic (a) and true (N) poles. Since the N. marked end of the needle points 
lo the map:netio pole of the northern hemisphere, and the expedition passed beyond this 
pole, leaving it on their left hand, their course to the trae K. pole as wown by the arrow 
(barbed end being N.) was to the Sauthwardf by eampoM, HmI they reached the N. pole, 
they would at first have steered Northward on their voyage home. 

Yon can now, I think, understand how it corned to pass that at Greenhithe, 
where the Variation of the compass is 19° Westerly—- such being the angle and 
direction, at that place, of the magnetic needle with the tme meridian — ^the Pole 
Btar bears by -compass N. 19° E., for it is the compass bearing corresponding 
to tme North ; and we at once get a — 

Kule for Converting Compass Courses and Bearings into their equivalent True 
Courses and Bearings — and you must remember that every conrhc or 
bearing by compass is alike affected by Variation, and to the same amount, 
for the place where you are. Also remember, once for all, that you are 
to look upon yourself as standing in the centre of the compass — as the 
centre of the horizontal plane ;— or, as I am about to use the terms right 
and leftj their significance on the face ot the compass card is — ^to the 
right is as the hand of the clock goes, and to the left the othisr way. 

YAjiiATiOBr Weitorly, allow it to the left o/ihe Compass Coarse, or Bearing. 
Yabiation JBasterly, allow it to the right e^the Compass Course, or Bearing. 

We will correct some compass courses and bearings : — 

Ctomp. Co. N.B., ' with Var. 2| pts. W. gives Tr. Co. N. by B. J E. or N. IJ pts. K. 

9 N.W., . It li if gives » N.W. by W. i W. or N. 51 W. 

9 N. byE., r 2 «r gives » N. by W. or N. 1 W. 

8.W.byW.. 9 i gives # aW. i W. or 8. 4* W. 

IT SibyW.JW^ «r U » gives South. 

W. t N.; «f 14 «r gives W. f 8. or 8. 7i W. 

8 B. 4 8., 2^0 gives 8.B. by B. f B. or 8. 5} E. 

:B-bya, If # gives B. f N. or N. 7i E. 

Camp. Co. N.N.B., with Var. l\ pt. B. gives Tr. Co. N.B. f N. or N. 8J R. 

• 8.W. J8., l\ gives S.W. f W. or 8. 4t W. 

B. i N., H gives 4L8.B. 4 B. or 8. (>4 E. 

N.W. JW., 020 gives ir N.N.W. 4 W. or N. 24 W. 

r 8. 1 E., i w gives B, i W. 

N. by W, I W., \\ gives North. 

V 8.H. by B., \\ gives 8.B. f 8. or 8. Si B. 

If W, 48. U * gives W.f N.orN. 7JW, 
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On charts, 70a yrHl generally see that Variation is given in degrees: the 
principle of its application, when the coarse is tnmed into degrees; is .the same 
as that jnst given. Take particolar notice of the change from one qoadrant to 
another, in the last eight examples. 

JSv.— Compass Course, N.E., Var. 1&* B., gives Tme Coarse N. 61^ B. 

9 BJ^.E., Var. 12** W., gives ir w N. 661® B. 

a If N.W., Var. IQ'' W., gives it » N. 64® W. 

If N.N.W., Var. S** R., givag » N. U^** W. 

K 9 S.B. \ B., Var. lO** B., gives it y ^, 401*' B. 

r n 8.8.B., Var. W W., gives » i^ S. 391® B. 

9 i^ S. by W., Var. 16«* B., gives w u ^, 26J® W. 

» V S.W., Var. 21« W., gives m 9 S.24«W* 

iK».— Compass Course, N. \ W., Var. 9* B., gives (9-54) N. 8*° B. 

9 9 N. by B. J B.. Var. 22° W., gives (22-14) ...N. 8« W. 

9 iif S. by W., Var. 16* W., gives (16-lU) ...8. 4f*» B. 

9 If 8 f B., Var. 19** B., gives (19-8|) ...S. IO4 W. 

9 IT B. by 8., Var. 17** W., gives (78f -f 17) =* 8. 95|** B., and 

then 180" — 95} gives True Course N. 84^"* B. 
9 if B. i N., Var. 22** B., gives (87 + 22) =: N. 109<* B., and 

then 180 - 109 gives 8. 71'' B, 
9 9 W. by N. 4 N., Var. 20** W., gives (73 -f 20) = N. 93** W., and 

then 180 - 98 gives 8. 87** W; 
9 9 W. 4 8., Var. Ift** B., gives (844 + 16) « 8, 10040 W., 

. then 180 -* IOO4 gives N. 794** W. 

Note, — It is usual to disregard the i, 4» ^^d }, and give the nearest whole degree ; thus, 
we should write 84*' for 844'' ; also, 85** for 844^ ; and 85** for 841". 

The reverse process to that just shown, is, when the tme course between two 
places has been ascertained from the chart, to convert it into a compass course, 
according to the Variation at the place. 

Rul6 — To convert True Courses and Bearings into Compass Courses and 
Bearings: — 

Vabzatioh Weiterlfff allow it to the right ^th« IVne Course or Bearing. 
Vabiatiok EagterJy, allow it to the 2^ ^ the True Course or Bearing. 

Trae Course 8.W. by 8., with Var. 24 pts. W., gives Compass Course 8.W. by W. \ W. 

9 B. } N., 9 If gives 9 9 E. by 8. 

9 N.W. by W., 9 14 gives 9 9 N.W. 4 N. 

9 8. by B. 4 B., 9 2 gives 9 9 8. f W. ' 

9 N.byB., 9 24 gives 9 9 N.B. 4 N. 

9 W.8.W. 4 W., 9 14 gives 9 9 West. 

9 8.B. 4 B., 9 2f gives «* 9 8. by B. 4 B. 

9 N.fW. ' \k gives 9 # N:4B. 

True Course N.W. by N., with Var. 24 pts. E., gives CompassCourse N.W. by W. \ W. 

9 E.8.E. 4 B., 9 If gives 9 «r B. f N. , 

9 W. f8., 9 24 gives 9 9 SW.byW.' 

9 N. byB.^ 9 \\ gives 9 9 N. 4 W. 

9 Bast, 9 If giv«s 9 9 E.N.B. fB. 

9 8. by B. f E., 9 1 gives 9 9 S.8.B. f^B. 

9 8 4 W,9 iif 14 gives 9 9 8. by E. 4 B. 

9 W. 4N., 9 \ gives 9 * W.fS. 

• 

If you hare carefully examined and tested the foregoing examples, yon will 
i^ow know how to make the correction for variation; and I will proceed to 
draw your attention to another correction of vital importance which must be 
applied lo compass courses and hearings^ in cases where the ship is of iron, or 

o 2 
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idiere any iron, even in a wood-bnilt yessel, is placed or fitted in undue 
proximity to the compass. I refer to the correction due to th( 



Deviation of the Compass. 

So long as ships were bailt entirely of wood, the effect of iron on the com- 
passes was not much heeded ; but there is no doubt that many a fine vessel has, 
in times gone by, been lost through ignoranci^ on this point. The introduction 
of iron in the construction of ships drew special attention to the subject, because 
compass courses that navigators had been accustomed to set often took them 
wide. of the direction they intended it should do. 

I will explain what is meant by Deviation. I dare say you are well aware 
that if iron is brought close to a magnet, the two come together, as if with a slight 
force, showing attraction; you already know (p. 15-17) that the ends of the 
magnetic needle have different polarities, but so has a bar of soft iron when 
held Vertically ; and iron, when in any position, if near a compass, will affect it 
to a greater or less extent. Ships called composite (partly wood and partly 
iron), and such as are built wholly of iron, are strongly magnetic, and the effect 
on the compass is that it produces an trror called Deviation ; not that it is an 
error, strictly speaking, for the compass is only acting in obedience to a law of 
magnetism, but for the practical purposes of navigation it may be an error 
leading. to serious consequences. Now, exactly as the magnetic needle, un- 
affected by local surroundings, points to the magnetic pole, forming an angle 
with the true meridian, so, in like . manner, the same needle^ when under ths 
influence of an iron 3hip*s magnetiem^ forms an angle with the magnetic meridian; 
and this is called the Deviation of the Compass. 

As I shall have, at a later period, to draw your attention more particularly to 
the magnetic character of a ship, I shall liere speak only of the effect of Devia- 
tion on the compass, and the method of applying the error arising from it. 

Unlike Variation, which, for any given place, is of the same amount, and 
in the same direction on every point of the compass, Deviation attains its 
greatest value on two nearly opposite points of the compass, and also, some- 
where between these two points are two other points on which there is little or no 
Deviation ; nearly half round the compass, from one point of no Deviation to the 
other, the Deviation is called Easterly, because the needle lies to the right o/'the 
magnetic meridian; between the same two points^ on the other part of the 
compass, the Deviation is called Westerly , because the needle then lies to the left 
of the magnetic meridian. A glance at the following Deviation Card will 
illustraie this. N^E. by N. and S. by W. are the points of no Deviation; 
between them, round by eastward, the Deviation is Westerly, and it attains its 
greatest amount at S.E. by E.; from the same two points, but round by west- 
ward, the Deviation is Easterly, and attains its greatest amount at W. by S. 
Thus 'the Deviation differs, not only in amount but in name, for different 
directions of the ship's head. Also, bear in mind that every iron ship's compass 
has deviation peculiar to itself, the direction and amount of which for its various 
points must be ascertained by what is called swinging ship for the errors of the 
compass. 

But our present purpose is to know how to apply the Deviation, and the rule 
IB somewhat similar to that we use when correcting for Variation of the compass. 

I must, however, in the first place introduce to your notice a term we have 
not as yet required, viz.. Correct Maonetio. You can understand that before 
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^deTiation of tlie eompass. was recognised, a oompass course or bearing and a 
magnetic coarse or bearing were considered to mean the same thing ; but inas- 
much as a compass course affected with deyiation is also a magnetic course, 
since it is indicated by a magnetic needle, it became necessary to distinguish 
between the two ; and hence Correct Magnetic Course or Bearing is used when 
we speak of direction as referred to the magnetic meridian, while Compass Course 
or Bearing is considered to be affected with both deviation and yariation. 

We will take examples ^m the following Deviation Card, in which col. 1 
is supposed to represe)it the various diredthns of the ship's head by compass in 
its proper position, when, by observation, during swinging ship, the Deviations 
of col. 2 were ascertained ; col, 8 gives the courses of col. 1 reduced to Correct 
Magnetic. 

Deviation Card of the Standard Compan — Ship '< Navigation." 



Bhii/8 Head 

(ooane) 

byStandaid 

Oompoas. 


2 

1 

Derkridon. 


8 

Oocreet 

ICagnetic OonzBe 

made good. 


Ship's HMd 
(ooorae) 

t)j8taiida(d 
OompasB. 


2 

Devialitoii. 


8 

CorrBcfc 

Magnetic Ooane 

made good. 


N. 
N. by B. 

N.N.E. 
N.E. by N. 

N.E. 

N.E. by E. 

E.N.B. 

E. by N. 

B.bya 

B.S.B. 

aE. by B. 

as. 

aE. by a 

aaE. 

abyB. 


^ B. 

4iB. 

2 K 

OJ W. 

3}W. 

7 W. 
11 W. 
14J W. 
18 W. 
20} W. 
22} W. 
23 W. 
22 W. 
19J W. 
16} W. 
Hi W. 


N. % B. 
N. 16^ B. 
N. 24^ B. 
N. 33} B. 
N. 4U B. 
N.49}b. 
N. 66^ B. 
N. 64i E. 
N.72 B. 
N. 801B. 

a 89; B. 

a 79i E. 
a 67 B. 
a 63i E. 
a 38^ B. 
a 22^ B. 


a 

a by w. 

aaw. 

aw. by a 

aw. 

aw. by w. 

w.aw. 

w.bya 

W. by N. 

W.1^W. 

N.W. by W. 

N.W. 

N.W. W N. 

NJJ.W. 

N. by W. 


8 W. 

OJ W. 

4iE. 

9iE. 
IS^B. 
16iB. 

mB. 

18( E. 
18 E. 
17 B. 
16iB. 
13} B. 
12 E. 

9}b. 
7iB. 


S. 6 E. 

a 10} w. 

a27 w. 
a43iW. 
a68iW. 
a-72i w. 
a 86 w. 

N. 82} W. 
N.72 W. 
N. 61} W. 
N.62 W. 
N. 42J W. 
N. 83 W. 
N. 23i W. 
N. lU W. 
N. 3}W. 



"RvlO-r-To correct a Compass Course steered, take the Deviation on that point 
— then — 

DEViAlriON Wetterly, allow it to the Z^ to get Oorreot Magnetic Conrae. 
Deviation Easterly , allow it to the right to get Correct Magnetic Course. 

Express the course in degrees, when applying the deviation. 

Jb.— Compass course being S.B., i.e. a 46'' B., with Dev. 32^ W,, gives the Correct Mag«* 

netlc course S. 67^ E. 
Ex, — Compass course being West, with Dev. 18° B., gives Oorreot Magnetic N. 72® W. 
JSb.— Compass course beiug E.N.E., with Dev. 11® W., gives Correct Magnetic N. 66^® B. 
JSb.— Compass course being N. by W. \ W., with Dev. 8}® B. (half sum of 7^ and 9i), 

gives Correct Magnetic N. 84® W. 

Tou will see the whole of the Correct Magnetic courses in col. 8. 

Compass Bearings (with deviation) require to be corrected, not for the devia- 
iion on the bearing, but for the Dev, on the direction of the ship's head (or 
course) ; thus : — Object's Bearing (by compass) 8. W,, with ship's head N. W ., 
the Dev. on N.W. (by card above) being 12° E,, the Correct Mag. Bearing will 
be 8. 67° W. 



S? EUBMBKTART NATIOATION 

When oorreoting for Deyiation and Varifttiony and yon take them s^paratelj, 
.apply the Dey. first, and then the Var, 

Rule — To set a Correct Magnetic Course hy the Deviation Table .'^^ 

Deviation Westerly^ allow it to the right of the CompasB Course ; 
Deviation latterly, allow it to the l^ of the Compass Coarse ; . 

bat, in each case, taking care to allow a proper amount of Deviation, for it rarely 
happens that the deviation on the required coarse is the ainoant to apply; 
from the following examples yoa will see what I mean : — 

We wish to make good a Correct Magnetic^ Coarse E.N.!^. ; by the card, the 
deviation with the ship's head on E.N.E. is 11^ W.; now 11° to right of 
E.N.E. gives B. by N {nearly) ; bat if yoa steer E. by N., which has 14r|° W. 
deviation on it, yoa will evidently make N. 64^° E. or N.E. by E. J E. correct 
magnetic ; so that to make E.N.E. correct Magnetic, yoa woald have to steer a 
compass course a trifle easterly of E. | N. 

One of the most accurate methods of setting a Compass Coarse such that it 
shall give the Correct Magnetic Coarse required is to look down Col. 3, for the 
latter, and then take from Col. 1 the Compass Coarse that corresponds to it. 
Let as say that the required Cor. Mag. Coarse is East; now S. 89|° E. (in 
Col. 8) is the nearest to it, therefore steer by Compass E.8.E. (from Col, 1). 
Or, the Cor. Mag. Coarse is W. by N. ; now W. by N. is N. 78}" W., which, 
in CoL 8 lies between N. 82|'' W. and N. 72° W. ; midway between these is 
N. 774° W.; therefore from Col. 1, steer by Compass a little westward of 
W. i S. 



ERROR OP COMPASS, 

AND HOW TO ALLOW IT OK CoMPASS CoURSE STBBRED TO GET TrUB CoURSB. 

If yon now have a clear idea of Deviation and Variation, yoa will understand 
that their sum when both have the same name, bat their difference when they 
have different names is the Error of the Compass; for example — 

Dev. 20" W. and Var. 21" W. (sum) gives Error of Compass 41" W. 
Dev. 12" B. and Var. 18" E. (sum) gives Error of C!ompas8 30" E. 
Dev. 16" W. and Var. 9" E. (diff.) gives Error of Compass 6" W, 
Dev. 8" W. and Var. 20" B. (diff.) gives Error of Compass 12" B. 
• Dev. 2.3" B. and Var. 17" W. (diff.) gives Error of Compass 6" E. 
Dev. 9". E. and Var. 22" W. (diff.) gives Error of Compass 13" W. 

and note, that in taking the difference, the remainder will be E. or W. according 
to the name of the greater qaantity. 

Now, the Error of the Compass, obtained as here shown, can andoabtedly be 
applied to a Compass Coarse steered, or to a Compass Bearing taken, with 
greater facility and with less chance of making a mistake, than if Dev. and Var. 
be applied separately, one after the other ; and I maht again remind yoa that 
the Dev. mast be that on the compass coarse steered, while the Yar. will be the 
same in amonnt and name on every coarse or bearing. The rale for its applica^ 
tion is the asaal one : — 

Apply Error of CoHipaw to the { JJjf '/^^^' : 
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Suppose the Yar. 20^ W., then, using Deyiation Card, p. 21. 

On Gomp. CSourse 6.B., Err. of Comp. is 42^ W., and hence .True Oo. S. 87^ E. 
» # W., r # 2°W., # » B.88«W. 

9 » N., # 9 WW,, » » N. 14°W. 

Bat the comterse of this role, when, knowing the Trae Coarse yon wish to set 
the corresponding Compass Coarse, does not txacUy hold good^ r 



LEEWAY. 

When a coarse is set, the helmsman keeps the ship's head to it bj means 
of the helm, and by watching the coincidence of the giren compass-direction 
with the labber's line. Bat the ship does not at all times progress in the 
direction of her length, for she is nnder the inflaence both of the wind on the 
sails, and of the resistance of the water throngh which she is moving ; and 
between the two forces she makes a compromise, as it were, progressing nearly 
in the direction in which her head lies, bat more or less to Uewardj according 
to the strength of the wind, the qaantitj of sail set, and the angle the wind 
makes with the side of the ship. This deviation of the ship's track from the 
direction of the fore-and-aft line is called Lbbway, and it may be expressed as 
the angle which the ship^e keel makes with her actual path through the water. 

The amoant of leeway, reckoned from a quarter of a point upwards, is eitheir 
estimated iaccording to the circumstances of the case, or set by compass by 
comparing the direction of the fore-and-aft line of the ship with that of heir 
wake ; and it is always allowed in a direction from the wind ; hence 

Rule* — Wind on Starboard side, allow Leeway to the le/t. 

Wind on Port side, allow Leeway to the right. 
Or yon may say Starboard tack for starboard side, and Port tack for port side. 

^.— Ship^s head K.N.W., leeway l^ points, with wind N.B., giyes the actoal direction 

of her course N.W. 4 N. 
Ux. — Ship's.head W.S.W., leeway f point, with wind South, gives the actual direction of 

her couTBe W.B.W. f W. 

These examples will make the method of allowing for leeway clear to you ; 
bat remember that Ireway is not an error of the compass— only a correction to 
be applied to the course under special circumstances. 



CURRENT. 

A ship's coarse and distance are affected by what is called the set (direction) and 
drift (rate) of any current in which she.may be sailing. A tidal current, generally 
called the stream of .tide, is only experiended when near land, and in some places 
runs with great strength ; allowance has to be made for this on the course set, 
as otherwise she might soon be ashore ; I shall have to speak more at length 
on Tides, and therefore at present merely make a note that the stream of tide 
affects the ship's course in the same manner as a general current. 

You know that in different parte of the ocean there are great oceanic currents 
setting in various directions, and in some places, as in the heart of the Oulf 
stream, and round the Cape of Qood Hope, with great velocity ; we must under-* 
stand their effect on- the ship's course. . 



» cuanmTART vkviQaiKai 

In t cnmnt Uu) iritote bodj of wster la nuring and drifting m ship with H, 
withont altering in the least her mmarent oonree. When the set of ^e current 
ia in the isme direction as the ihip'e, no alteration of the eliip'a conrae irill 
ensne, Aor, indeed, if the carrent aets in a direction exactly opposite to this ; in 
eithto' case, th^ onlj efTeot will be to inci«aae w diminish ihe rate of the ship's 
motion by the whole amount of the drift of the cnrreut, 

Thns, with the ship's conrss N.E., sailing at the rate of 8 miles an honr, in a - 
cnnvnt setting N.E. at the rate of S miles an honr, her coarse remains N.E^ 
hot she has changed her position (8 + 8) 11 miles. 

Also, with the ship's courw West, sajliiig at the rate of 9 miles an honr, in 
a cnrrent setting East, at the Tat« of 4 miles an honr, her conrse remains West, 
hut she hu changed her pnsltinn only (9 — 4) 5 miles. 

If, howeT«r, the set of the current is across the ship's track, then both the 
coQrse of the ship and her rate will be affected, as shown in Fig. 4, 

Let ni suppose the amw at d to represent the 
^t and drift of a cnrrent in which a ship is aailing, 
—the direction of the arrow is the aet, and its 
length is the drift or rate : then, let the line from 
i to B be the Gonree and distance of the ship if nn- 
•ffected hf enrrent : we draw a line b o, parallel 
with D and of the eame length, then the line a o 
will represent the actnal coarse and distance the 
ship makes, on account of the carrent ; the actual 
course is more to westward than the apparent 
oonrse owing to the westerly set, and the distance 
rnn is greater than the rate at which she appeared 
to be moring, because thecnrrent ia jrarl/ynmning 
tn the direction of the ship's motion. 
• Clutrta generally show the cnrrent by means of an arrow, and if there is a 
nnmeral near it, you hare also the mean driit ; in a Day's Work, allowance must 
always be made for the effect of onnent. 

Thus far wo have spoken of the compass, which, when corrected for its per- 
manent and accident Tsriations, gives us the tuvk dihegtioh in which the ship 
has sailed. We mnat now know something of the method adopted to determine 
the DiSTAMcn nm. The instrument used for thia purpose is called, 

Tnm LOO. 
The Loo consists of the Loo-ship and Loo-ukb. "Hie log-iUp is a qnadrantal- 
sbaped piece of hard wood, about 5 or 6 inches radios, and a qoaiter of an indi 
thick ; the circnlar part ia loaded 
with lead to moke it swim porpe»- 
dicularly, and jnat anffident to im- 
meree it. (See Fig. 6.) 

The outer extremity of the log- 
line terminates in two or three ends, 
■ — for as many holes as are in the 
fiat of the log-ship, — and which, 
when fitted, form a sling ot bridle; the end of one part of the aliug being a 
leather peg, this is fitted. into one of the holes near the circnlar edge of the 
log-ship, and draws npon being (decked, after the operation of heamng the tog 
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J^BS been effected, and thus the log-ship is more easily hanled in : the other (or 
inner) end of the log-line is attached to a bbbl, around which is woond 120 
fathoms of line. The log-ship end is marked off, to the length, of 10 fathoms 
or more, according to the size of the ship, by a bit of rag or hunting; and this 
length is called ^troy-line, — ^its use being to carry the log-ship ont of the eddies 
of the ship's wake before counting commences. The line from the stray part 
inwards is marked (knotted) off in equal lengths called knots; the distance 
between each knot is usually subdiyided into 8 equal parts called fathoms; but 
a better subdivision would be 10 parts, each representing the tenth part of a 
knot. Each knot is the representatiye of a nautical mile, and its length is 
proportioned to the seconds of the log (sand) glass used when heaying the log. 

When the log is hove, a seaman holds the reel by the two ends, another seaman 
takes the log-glass, and an officer of the watch asks, *' All clear ? '* On 
receiving a reply, '* All clear," he throws the log-ship well out to leeward from 
the lee quarter; as soon as the whole of the stray line has gone, the officer 
calls '' turn;" the seaman then turns the sand end of the glass uppermost; the 
, log-ship, being perpendicular in the water, and presenting a face towards the 
ship, by its resistance to the ship's progress draws the marked part of the line 
off the reel ; when the sand has run out, the seaman calls ** stop ;" the officer 
at that instant clutches tight the Hne, and the number of knots which have 
passed out indicates bow many nautical miles per hour the ship is moving 
through the water. 

' The Loo-GLAsjiBS are common sand-glasses (or filled with metal filings) 
running to seconds ; the long gl<tss runs out in 80 seconds, or in 28 seconds ; and 
the short glass in half the time, viz., in 15 seconds, or in 14 seconds. * When 
the ship's rate is more than 5 knots, the short glass is used,' and the number of 
knots shown by the log-line is doubled. 

As the glasses may be affected by variation in the temperature, and the sand 
certainly by damp weather, it is necessary to examine their accuracy, from Jime 
to time, by comparing them with a seconds' watch ; they can be made true, by 
drying the sand, or changing its quantity, to do which it will be necessary to 
remove the cork at the stoppered end of the glass. 

The Nautical Mile. — In Navigation, distakoi is inyariahly measured in 
NAUTICAL MILES. One such mile is the 21,600th part of the earth's circum- 
ference (360^ X 60 mm 21600'), and, from various admeasurements, it is con- 
sidered to be about 6087 feet, or 2029 yards. 

We now come to the lknoth of a knot on the log-line, and you eai| at 
once understand that the length between two adjacent knots should be the same 
part of a nautical mile, that the seconds of the glass are to an hour. But before 
we commence to determine this length, you must, in the first place, know that 
as it is safest to have the reckoning ahead of the ship (to apprise the seaman the 
sooner to look out when approaching the land), an idlowance in the length of 
the knots is made such that it shall obviate any causes of error arising when 
heaving the log: hence, for practical purposes at sea, the length of the nautical 
mile is taken to be 6000 feet. 

For the 30-second glfiss we readily get the length of the knot; 80 seconds, 
or half a minute, is the 120th part ii an hour, and 6000 divided by 120 gives 
50 feet, which is the length generally taken; and it musi be clear to you that 
if tike 120tb part of a mile (as mcMured on the log-line) runs oat in t^e 120t]i 
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part of an hbai, the ehip would be dragging along at th« rate of 1 mile per li6iir ;' 
lai the ume basis, if ei^t 120tbs pawed ont, she would be sailing at the rate of 
8 milefl an hoar. 

But we must adopt a metiiod of compatation equally applicable and umple 
for all glaaees. Now, there are 8600 seconds in an hoar, and 6000 feet in a 
nautical mile; and the ratio of 3600 to 6000 is as 6 to 10, or as 3 to 5 ; hence, 
we have- 
Hols f<T finding lA« lungth of a hnot corresponding to a glati running 
geeojtdt : — Moltiplj the seeonda (of the gloBs) by 5 and divide the product by 8,' 
and the result will he the length of the knot in feet. 

Thus 28 X 5 — 140 ; and UO divided by 8 = 46-6 or 46j ft. 
It is no nncommon thing to mark the length of the knot by two copper nails 
driven into the deck, at the proper distance apart. 

The BobdivisionH of the knot, already referred to, and erroneonsly called 
fathoms (8 to a knot), are really nautical farlongs, after the same manner as' 
8 statute furlongs make « statute mile. 

ygU. — The log-line no leaa than the glass varies in its indicatioiis : eapeotally does it 
coatract by weltiag. You may conudei that — one being correct, and the other faulty — 
For error of seconds glass — Olass too short gives distance too short ; 
Glass too long gives distance too long. 
For error on log-line — Knot too short gives distance too long ; 
Knot too long gives distaace too short. 
If BOTH are faultg : — Maltiply faulty length of knot by erroneous distance, 
and divide product by faulty time glass runs ; three-fifths of the result gives true 
distance. 

' Patbnt Log. — In days gone by there wts no other mode of finding the 
ship's rate of progress through the water except by the use of the log aad 
seconds' glass, but the Patent Loo has now, to a certain extent, superseded 
the old log ship, especially in the case of steamers. This instrument, consisting 
of a rotator and register, is kept towing astern with sufBcient length of tow-line 
to carry it ont of the immediate wake of the ship, and then the revolutions of 
tlie rotator indicate on the register the distance run, which can be ascertained 
from time to time by hauling it in. The mechanism of the patent log is the 
same in principle as that of the screw propeller; the rotator, of three or four 



flanges (b), revolves naore or less rapidly according to the rate at which it is 
drawn through the water, and, by revolving, sets in motion a system of wheel- 
work which taniB the hands of three indices on the register (o). Tb« distance 
run, according to the number of revolutions of the rotator, is registered first in- 
^ miles, then Dp to 10 miles, and lastly np to 100 miles. 

It is needless to dwell on the patent log as tbero are many different kinds by 
different m^ers, and " descriptioM for vtt" accompany all of them. Up to a- 
i>ecent date it bu been neeessiuy to haul in the log to «seertain by Ae -roister- 
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the distance ran-: but the latest improvement in their mechanism is the arrange^ 
ment by which the rotator alone tows, and the register, is connected to it on 
hoard, so that without any hanling in the distance run can be known at any 
moment. The chief makers are Massey, Beynolds, and Walker, and the logs of 
each haye specialities of their own, — some shipmasters prefering one maker's 
instroment, and others another maker's. 

I haye dwelt long on the Compass and liog, by which together the ship's 
direction and distance ran are ascertained ; I have done so advisedly, because, 
as if by common consent, both are treated with more indifference than they 
should be, and hence candidates for Board of Trade certificates haye more diffi- 
culty with the Day's Work than with any other problem submitted to them. 
Moreover the Compass «nd Log are the instruments by which alone the common 
JouBNAL OF A Bhip's Yotags is Carried on ; hour by hour the rate of. sailing, 
tlie compass course, the wind, the leeway, with any other particulars of note, as 
the deviation and variation of the compass, the current, the weather, &c., are 
entered on the loo-board, and every day at noon, the course and distance made 
good from noon to noon, and th« Place of the 8hip at the given noon by Dead 
Reckoning is known, and her progress, in the absence of observations, is ap- 
proximately determined. . 



SAILINGS. 

The computations iii what is termed Dbad Bbcroking are made by certain 
methods, which,, in Navigation, are called Sailings, and of these the chief are — 
Plane Sailing, Traverse Sailing (which may be defined as compound plane 
Bailing), Parallel Sailing, Middle Latitude Sailing, Mercator^s Sailing, and 
^ Globular or Great Circle Sailing; and there are others which, at most, are but 
modifications of those just mentioned. We will not go into them further than 
is required to solve the Day's Wobk by Inspection ; — ^the method by inspection 
being a kind of rule of thumb, for which the Traverse Tables and Mendional 
Parts are all that is necessary : I have, however, thought it well to indicate the 
^' sailings " by name, as I shall have to speak of some of them. 



A TRAVERSE and THE TRAVERSE TABLES. 

In addition to what has already been explained to you in respect to Latitude 
and Longitude, Courses and Distance, there are many other tilings, connected 
more or less with them, that you must .know before you can work the Day's 
Work ; J shall endeavour to make these dear to you by working what is called 
a Traverse. 

Traverse denotes a thing that goes athwart another ; that is, crosses and cuts 
it at an angle. If the winds and currents were always favourable, a ship, bound 
from one port to another, would take as direct a route as possible, and her 
course for days together would t6nd in the one directioa ; but when winds and 
currents are alike adverse, her course is altered, from time to time, to suit the 
shiftings of the wind, and thus to keep as near as possible to her proper course. 
Her oblique- (or zigzag) progression against the direction of the wind is called 
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a Traykrbv, — ^in other words, a oomponnci oourse, consisting of seyeral different 
courses and distances ; and Tbavsrsb Sailing is the method of working (or 
calcalating) these compound courses, so as, to bring them into the true course, 
and diKtance made good. 

We must know &e meaning of dijf&mce of latitade and departure, 

DiFrsBKNOE OF Latitudb admits of two or three meanings ; for example-^ 

(1) If we know a |daoe to be in Lat 10^ N. and another in 25^ N., their 
difference of latitude is 15°. Again, if a place is in Lat. 4° 8. and 
another in 5° N., their difference of latitude is 9°, owing to their situation 
on different sides of the equator; the sum of the latitudes is taken in 
this case, on the same pnnciple that if, from a given line, you walked 
4 miles in one direction and your friend 5 miles in an exactly opposite 
one, you would then be (4 4- 5) 9 miles apart. 

(2) But difference oflaiitude^ in sailing, generally refers to change of latitude, 
arising out of the ship's course and distance run ; she may be making 
northing, or southing. The term is abbreyiated into Diff. Lat., or D. Lat. 

Dkp^rtubb is the eaet or west distance (in nautical miles) that a ship makes 
when her course trends easterly or westerly. It is written Dep. 

GouRSB, as you know, is direction, and a ship under sail changes her position 
on a given course according to the distabcb run;' she will thus make : — 

(1) Diff. Lat., "and no Dep., when her course is on a meridian (as along the 
line ir s of Fig. 2, p. 11); and it will be. N. diff. lat, if the course is 
North, but S. diff. lat. with the course South. 

(2) Dep., and no Diff. Lat., when her course is on a parallel (as along the 
straight line a & of Fig, 2, p. 11); and it will be E. dep. if the course is 
East, but W. dep. with the course West. 

(3) Diff. Lat. and Dep. when her course is athwart parallels and meridians 
(as along the line joining the two dots below k q in Fig, 8, p. 11) ; and 

* the Diff. Lat. will be N. or S., and the Dep. E. or W., according to the 
direction of the course in one or other of the quarters of the compass ; 
thus, course S.E. wiU give S. diff. lat., and £. dep. • 

Relation of Course and Distance to Diff. Lat, and Dep, (refer to Fig. 1, p. 9). 
*-We will call the line b b the meridian, and the line a d the parallel of a 
place 0. 

(1) A ship bound from o to h sails S. by E. (i,e. S. 1 point E., or one point 
from the meridian), making the distance o h, in which the perpendicular 
from A D to H is equal to the Diff, Lat., and exceeds the perpendicular 
from B B to H, which is the Dep. 

(2) A ship bound from o to o, sails W. by N. (i,e, N. 7 points W., or seven 
points from the meridian), making the cKstance o o, in which the perpen- 
dicular from B B to o is equal to the Dep., and exceeds the perpendicular 
from A D to G, which is the Diff. Lat. 

(8) A ship bound from c to f sails N.E. (i.e, N. 4 points E., or four points 
from the meridian), making the distance o f, in which the perpendicular 
from F to A D is equal to the Diff. Lat., and the perpendicular from f to 
B B is the Dep. ; and if you measure them with the diriders you will find 
lliem equal to one another* 
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These examples show, and this yoa shoold bear in mind| that— 

On a OouTse of 4 points or 46**, Diff* Lat. equals Dep. 
.On a Course less than 4 pornts, Diff. Lai. exceeds Dep. 
On a Coarse more than 4 points, Dep. exceeds Diff. Lat, 

How TO USB the Traverss Tables, 

The Trayerse Tables are useful' for a' yarietj of calculations in Nayigation,. 
and especially for working up the Dead Reckoning. Turn to them. We will 
nse those from Norib's '^ Epitome of Nayigation " — 

Table I. giyes '^ Difference of latitude and Departure." for Points of the 
Compass, Table IL for Degrees : when the Course is less than 4 points or 45^ 
you read from the top of tibe page, when more than 4 points from the bottom : 
the " Dist." column remains Dist. whicheVer wajr you read ; but the '' Lat." 
and '* Dep." columns are reyersed in the two instances ; thus — 

Course If points and Dist. 50 give Lat. 47*1 and Dep. 16* 8, but 
Conzse 6^ points and Dist. 50 give Dep. 47* 1 and Lat. 16* 8. 

Coarse 35" and Dist 87 giye Lat. 71*3 and Dep. 49- 9, bat 
Course 55° and Dist 87 giye Dep. 71' 3 and Lat 49*9, 

and these are miles of Lat. and Dep. corresponding to the miles of Dist. at 
certain angles. 

By the reyerse process, if the Diff. Lift, and Dep. are giyen, or haye been 
found, we can obtain the corresponding Course and Dist. ; — ^but better and 
closer from Tab. IL than from Tab. I. 

Say, Diff. Lat. 49*4 and Dep. 40* 4 ; and since Diff. Lat. is the greater we 
read from the top of page : turn oyer the pages of the Tables until you find 
the nearest to them ; in the present case we find Diff. Lat. 49* 7 and Dep. 40* 8 
(the nearest to the giyen quantities) by the side of. Dist. 64 and under 
Course 39" ; had we taken Dep. 49*4 and Diff. Lat. 40*4 we should haye read 
from bottom of page, and while we got the same Dist. 64, we should haye 
Course 51°. 

We can now work a Trayerse, which I will explain as we go along. 

Rule to resolve a Traverse. — Make a Form Tas on p. 80), and diyide it 
into six c(>lumns ; in the first of these set down tne courses, and opposite to 
them, in the second column, their corresponding distances : the third column i^ 
to be marked N., and the fourth 8., nnder the heading of Diff. Lat. ; the fifth 
column is to be marked E., and the sixth W., under the heading of 
Departure. 

Find the difference of latitude and departure corresponding to each course 
and distance, by Inspection from Tray. Tab., as already shown ; set these down 
opposite the distance in their proper columns, obserying that the Diff. Lat. must 
be placed in the N. column, if the course be Northerly, but in the 8. column, if 
the course be southerly ; and that the Departure mast be placed in the E. column, 
if the course be easterly, but in the W. column, if it be Westerly. When the 
course is due North, 8outh, East, or West, set down the distance in that column 
answering to it. Add up the columns of northing, southing, easting, and 
westing, and set down the sum of each at the bottom ; then the difference 
between the sums of the north and south columns will be the difference of 
latitude made good, of the same name as the greater ; and the difference 
between the sums of the east and west columns will be the departure made 
good, of the same name as the greater. 
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With this Dift*. Lat. and Dep. made good, find (by Inspection from Table II.) 
Coarse and Distance made good, giving the course its proper name reckoned 
from N. or 8. according to ^e Diff. Lat., and towards E. or W. according to 
the Dep. 

Ex.— A ship from Start Point, in Lat. 60° 18' N., sail W.S.W. 51 miles, 
W. by N. 86 miles, S. by E. 45 miles, S. W. by W. 55 miles, and S.S.B. 41 
miles : required her course and distance made good. 

A Traverse Form, 



Courses. 


Dist 


Pi£E. Lat. 


Departnre. 


N. 8. 


E. 


W. 


• W.S.W « 8. 6 W. 
W. b. N. = N. 7 W. 
tS.b.E. = 8. 1 E. 
S.W. b.W. « S. 5 W. 
S.S.B. » 8. 2. E. 


51 
35 
45 
55 
41 


6*8 


19*6 

44-1 
30' 6 
37-9 


8-8 
15-7 


47-1 
34-3 

46-7 


6-8 


1321 
6-8 


S4-5 


■127- 1 
24-5 

u 102*6 




Dep 




Diff. Lat 


125-3 



W.8W= 8. 6pt8.W,, 
and so on. 



* Tnm to NORiB's Trav. Tab. I. ; seek 6 points ; in Dist. column find 51, and alongside 
of it yon will see Dep. 47*1 and Lat, 19*5, read /ran bottom of page, because course 
~(6 points) is at bottom; enter these in 8. and W. columns of our Traverse Form because 
Ck)urse is 8. and W. 

+ Turn to Trav. Tab. I. ; seek 1 point ; in Dist. column find 46, and alongside of it you 
will see Lat. 44*1 and Dep. 08*8, read from top of page because course (1 point) is at top; 
enter these in 8. and E. columns of our Traverse Form because Ckiurse Is S. and E. ; the 
in the Dep. is to be omitted since it is supplied in Trav. Tab. only to preserve the uni« 
formity oi the cc^umn of figures. 

You will understand the rest, if you have carefully read p. 29. 

We have taken the sum of the four columns N., S., E., and W. ; and then 
found the difiference between the N. and S. columns ; and also the difference 
between the £. and W. columns. As the result of all our courses in 6 different 
directions, our total Difference of Latitude made good is 125*8 miles of 
Southing, and our total Departure is 102*6 miles of Westing. With these we 
proceed to find the Course made good, and Distance run, that t«, the direction 
and distance in which we really are from the Start Point. 

To find this Course and Dist, is a mere matter of looking and seeking 
through Trav. Tab. II. till we come to the page where Diff. Lat. 125*8 and 
Dep. 102*6 are side by side; one thing we know, that is, we must read the 
c ilumns from the top hecauae Lat, exceeds Dep, We turn over the pages, 
taking 125 as our guide ; at last we come to the page where 125*9 and 101*9 
are side by side ; and looking carefully at the pages on each side, we see that 
we cannot improve on this, so we take it; and then the Course read from the top 
is 39^ and the Dist. (by the side of 125*9 and 101*9) is 162. Consequently 
Diff. Lat. 125*8 and- Dep. 102 6 give us 

Course made good 8. 39® W., and Distance run 162 miles, 

the meaning of which is, that after having sailed <^ 6 different courses and run 
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(51 + 85 4- -45 + 65 + 41) 2^7 miles in the whole, we beAr S/39^ W., or 
S.W. ^ 8. distant 162 miles from Start Point. 

It is probable that you would like to see this projected into a diagram, and 
understand it better after you have done so. Here it is. 



Br^iACA^^Ws^ 




E 



Dtparture 102. 6 m. 



The c&Mtruction is as follows: — ^With the chord of 60® describe the circle 
V K 8 w, to represent the compass ; draw the diameters n a and b w at right 
angles, in which ir s represents the meridian, and e w the parallel the ship 
sailed from :* take each coarse from the line of rhumbs, and lay them off from 
the meridian in their respective quarters, and number them in order I, 2, 3, 4, 5; 
thus, from S. to 1 lay off 6 points for the first course W.S.W. ; from N. to 2 
lay off 7 points for the second course W. by N. ; from S to 3 lay off 1 point 
for the third course S. by E.; from S. to 4 lay off 5 points for the fourth course 
S.W. by W. ; from S. to 5 lay off 2 points for the fifth course S.S.E ; and 
from the centre of the circle dtaw rhumb f lines to each of these points, which 
may be produced to any length that is necessary. Upon the first rhumb c 1, 
lay off (from scale of equal parts) the first distance 51 miles, from c to a; then 
will A represent the ship's place at the end of the first course : from a draw 

A B parallel^ to the second course o 2, and make it equal to the second distance 

■ - 

* Instead of following the method here described, yon could, after you had drawn a 
circle -with the two diameters to correspond in size to the horn protractor (Fig. 4, Plate I.)* 
lay off the courses by its aid ; the distances would have to be taken from the scale of 
equal parts. ' , 

f A rhumb line is a track on the earth*8 isuriaoe that cuts all the meridianis at the same 
angle ; it is also the straight line from the ship's position to the circumference of the 
horizon, and thus course and distance. 

% You will require ajparallel rule for this. 
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85 loiles ; fi:om b draw b o parallel to o 8, and equal to 45 miles ; from o draw 
o D parallel to o 4, and eqnal to 55 miles ; and from d draw d b parallel to o 5, 
and equal to 41 miles. From b draw the line b f parallel to the east and we^t 
line w B, meeting k s produced to f, and join o b. Then, haying started from 
o (Start Point) and sailed along the zig-zag line o a b o d b, by your arrival 
at B (which is the ship's place), o f will be the Diff. Lat. made good, measuring 
125'3 miles ; b f the Departure 102*6 miles ; o b the Distance 162 miles from 
Start Point ; and the angle b o f the direct course (39^ or 8^ points) from the 
Btart 



LATITUDE LEFT and LATITUDE IN. 

Lat. lbft is the latitude from which the ship has departed, 

Diff. Lat. is the change of latitude in any interval. 

Lat. IV is the latitude at which the ship arrives^ and is determined either by 
observation, or by means of the Diff. Lat. as shown in the Traverse, p. 30. 

I will explain the method of obtaining the Lat. in, from the Lat. left and 
Diff. Lat., using the following examples : — 

0) (2) (3) (4) (5) , (6) 

Lat. left... 49^ 3'N. ... 49 3'N. ... 1« 3'N. ... 49° 3'S. ... 49* S'S. ... 1*» 3' S. 
DiftLat 2 5 N. ... 2 5 S. ... 2 5 S. ... 2 6 S. ... 2 6 N. ... 2 6 K. 



Lat. in ... 51 8 N. ... 46 58 N. ... I 2 8. ... 51 8 S. ... 46 58 S. ... 1 2 N. 



Understanding that latitude is reckoned from the equator towards the pol< 

(1) If you are in north latitude, and sail northy Lat. left must be increased by 
Diff. Lat. made good. 

(2) If you are in north latitude, and sail south, Lat. left must be dj9creased 
by Diff. Lat. 

(3) If you are in north latitude, and sail south, and the Diff. Lat. exceeds the 
Lat. left, take the less from the greater, and the remainder will be the 
Lat. in, south. 

(4) If you are in south latitude, and sail south, Lat. left must be increased by 
the Diff. Lat. 

(5) If you are in south latitude, and sail north, Lat. left must be decreased 
by Diff. Lat. 

(6) ■ If you are in south latitude, and sail north, and the Diff. Lat. exceeds the 

Lat. left, take the less from the greater, and the remainder will be the 
Lat. in, nowth. 

The Bule stated briefly resolves itself into this : — For Lat. in, if Lat. left and 
Diff. Lat. are of the same name, take their sum ; if they are of different names 
take their difference, and in this case the Lat. in will be of the same name as 
the greater. 

The Lat. in, when it has been obtained by Dead Reckoning (compass and log), 
is indifferently called the Latitude by Account, or Latitude by Dead Reckoning, 
and written in short Lat. by Ace., or Lat. by D, R, ^ 
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MiDDLB LaTITUDB. 

The MiDDLB Latititdb is the parallel of latitude midway between two places; 
hence it is half the sum of the two latitudes when they have the same name 
(N. or 8.) ; half the difference when they have different names— one N. and the 
others.: — 

LatofA.... 46*» aC/N. Lat. of C... 4*» K^N, 

Lat of B.... 39 20 N. Lat. of D... 6 fiO 8. 



2)85 40 2)2 40 

Mid. Lat... 4260 N. Mid. Lat.... 1 20 8. 

We use the middle latitude when obtaining the longitude by Dead Reckoning^ 
and proceed as follows to find it : — 

Lat. left ... 49<» ^N. 
Diff. Lat.... 2 56 K, 



Lat in 52 5 N. 



2)101 14 » sum of Lat left and Lat in* 
Mid. Lat... 50 87 N» 

DEPABTURB. 

Dbfartube, which you saw we obtuned in working the Traverse, receives its 
name from being taken to (approximately) measure how far the ship has departed 
from the meridian : it must not be confounded with taking a departure from a 
place (which has yet to be explained), nor with hngitvde, although it is the basis 
whence longitude by Dead Heokoning is got. I said (p. 28) it was the east or 
west distance that a ship made when sailing on any oblique course* It is often 
called the meridian distance (in naut.. miles) between the meridians of two places, 
but it is not strictly such, unless the two places are on the same parallel. 

I will explain the difference between departure and longitude. If you refer 
to Fig, 2y p. 11, yon will notice that all the meridians, however far apart at 
(b q) the 'equator, converge (come together) at the poles; consequently on any 
parallel, as a 5; liie distance along that parallel from one meridian to another 
must be much less thanl>^ween the same meridians on the equator. Table, p. 34, 
is drawn up to show the distance (in nautical miles), in any latitude, of two 
meridians one degree (60') apart; look to it: if you are on the equator (Lat. 0) 
and sail due east or due west for 60 miles, you change your longitude 1 degree ; 
but if you wish to change your meridian by 1 degree on the parallel of Lat. 40°, 
the table shows that you would do so by sailing due east or west only 46 miles ; 
and in> Lat. 60°, the same change would be effected by sailing 80 miles. You 
know that the nautical mile is everywhere of the same length — viz., 6087 feet — 
but nevertheless the 60, 46.^and 30 of such miles, which are so much departure 
from one meridian to another, represent for. the respective parallels the same 
thing, viz., mie degree of longitude ; and a continually decreasing departure or 
meridian distance (on successively higher parallels) measures the convergence 
of the meridians as they approach the poles. You can now understand that' 
difference of Longitude (expressed as arc) always exceeds the departure, except 
on the equator; also that there must be some ratio by which the distance between 
the meridian|jf decrease? in their convergence towards the poles, and tiiat it hai^ 
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Length of a Degree {60') of Longitude in different Latitudes, expressed in English 

Statute Miles, and in Nautical Miles* 



Lat. 


Statute 
. imes. 


Nftat.]CUeB. 


Lat. 


Statute 
Mil«. 


Nant. Miles. 


Lat. 


Statute 
Miles. 


* 

^aotMlleP. 

• • 


S 


6916 


60-00 


3b 


69*94 


J52-00 


6% 


34-67 


3008 


1 


•15 


59-99 


31 


38 


51-48 


61 


33-61 


29-16 


2 


•12 


•96 


32 


68*71 


50-93 


62 


32-55 


28-24 


8 


•07 


•92 


33 


•06 


•87 


63 


31-48 


27-31 


4 


68-99 


•?.5 


34 


67*40 


^9-79 


64 


30-40 


26-37 


5 


68*90 


59-77 


35 


56-71 


49-20 


65 


29-31 


25-42 


6 


•78 


•67 


36 


*b2 


48-60 


66 


28-21 


24-47 


7 


•65 


•55 


37 


65-30 


. 47-98 


67 


27-10 


23-61 .. 


8 


•49 


•42 


38 


54-57 


•34 


68 


25-98 


22-54 1 


9 


•31 


•26 


39- 


53-82 


46-69 


69 


24-86 


21-56 


10 


6812 


59-09 


40* 


5305 


46-03 


70 


23-72 


20-58 


11 


67-90 


58-90 


41 


52-27 


45-.S6 


71 


22-58 


19-69 


12 


•66 


•70 


42* 


51-47 


44-66 


72 


21-43 


18-60 


13 


•40 


•47 


43 


50-66 


43-95 


73 


20-28 


17-60 


U 


•12 


•23 


44 


49-83 


•23 


74 


19-12 


16-59 


15 


^5-82 


57-97 


45. 


48-99 


42-60 


75 


17-96 


15-58 


16 


•60 


•69 


46 


'13 


41-76 


76 


16-78 


14-56 


17 


•16 


•39 


47 


47-26 


40-99 


. 77 


15-61 


13-54 


18 


65-80 


•08 


48 


46-36 


-22 


78 


14-42 


12-51 


19 


•42 


56-75 


49 


45-46 


39-44 


79 


18-24 


11*48 


20 


65-01 


66*40 


50 


44*54 


38-64 


80 


12-05 


10-46 


21 


64-59 


•04 


51 


43-61 


37-83 


81 


10-85 


9-42 


22 


•16 


65*66 


52 


42-67 


-02 


82 


9-66 


8-38 


23 


63-69 


•26 


53 


41-71 


86-19 


83 


8-46 


7-34 


24 


•23 


54-84 


54 


40*74 


36-34 


84 


7-25 


6-29 


25 


62-72 


54-41 


55 


39-76 


34-49 


86 


6-05 


6-25 


26 


•20 


63-96 


66 


88-76 


33-63 


86 


4-84 


4-20 


27 


61-66 


•50 


57 


37-76 


32-76 


87 


3-63 


8*16 


28 


•11 


•02 


58 


86-74 


31-87 


88 


2*42 


2-10 


29 


60*54 


52*52 


59 


85-71 


30-98 


89 


1-21 


1-06 



some connection wiUi the parallels on which the meridian distance or departure is 
measured. Hence we want rales which, hj Inspection, shall enable ns^- 



TO CONVERT DKPARTUEB INTO DIFFBRBNOB OF LONGITUDB. 

Sailing on a parallel we make no northing nor southing, only east or west 
Peparture, which, to conyert into Diff Long., by the method o{ Parallel Sailing-^ 

Ilule.-^Enter Trar. Tab. II. with the Lat. as if it were a course, seek in the 
Lat. column for the Dep., opposite to which, from the Diet, column, take out the 
required Diff. Long. 

Ex. — A ship mdces 128 miles of easting (departure or distance) in Lat. 41^^ 
required the Diff« Long. 

In Tray. Tab. IL, und«r 41°, Dep. 123 in Lat. col., gives in Dist. coL 163'; 
which is the Diff. Long, on parallel of 41° correeiponding to 123 miles ; you would 
irrite down 163' as 2° 43' E. 

But we do not always sail on a parallel, therefore we want a rule for finding 
the Diffi Long, in oases where we change the latitude in an interval of 24 hours 
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or less. Yon can nnderstand that the difference of longitude cannot he inferred 
either from the departure, considered as a meridian distance in the latitude left, 
or in the latitude arriyed at; in the greater latitude it would give the difference 
of longitude too much, and in the less latitude too little ; but we may generally 
infer that the departure is nearly, if not quite, equal to ihe distance of the meri- 
dians between which the ship's track lies, in the Middle Latitude^ i.e., the 
mean of the two latitudes ; at least near enough for practical piarposes ; henee-^ 

Rule FOR DiFF. LoKG. BY MiDDLE LATITUDE Sailikg ; — Enter Tra7« 
Tab. II. with the Mid. Lat. as a course, seek in the Lat. col. for the Dep., 
opposite to which, from the DiKt. coL, take out the required Diff. Long. 

Ex. — A ship from Lat. 51^ 3' N. arrives at Lat. 58^ 11' N. : having made 
west Dep. 97*3 miles ; required the Diff, Long. - * 



Lat. left 
Lat. in 



Ifid. Lat. 



51° 3' N. 

«•• ... 53 11 N. 



2)104 14 
t. ... 62 7 



Enter Trav. Tab. IL with Mid. Lat 52*' as oouiBe, 
find Dep. 97*3 in Lat col. ; the Dist 158 i» Diff. 
Long. ; henoe DifL Long. 158-2° 38' W. 



The following Table may also be used in the conversion of Dep. into Diff. 
Long., since it shows the relation between the Nautical Mile and a minute ( ' ) 
of Long, on different parallels of Lat. 

Thus, Ust Ex., Dep. 97-8 x 1-62 (the length of the ' of Long. in. Lat 52°) 
gives 157-6 Diff Long. = 2° 37'-6 W. 

Length of a Minute ( ' ) of Longitude, in diff^ent Latitudes, corresponding 

to 1 Nautical Mile* 



Lat. 


Long. 


Lat. 


Long. 


Lat. 


Long. 


Lat. 


Long. 


Lat. 


Long. 


o 


/ 


o 


/ 


o 


/ 


o • 


# 


o' 


f 





1-00 


16 


1-04 


32 


M8 


48 


1-49 


64 


2*28 


1 


1-00 


17 


1-05 


83 


M9 


49 


1-52 


65 


2-36 


2 


1-00 


18 


1-06 


34 


1-21 


50 


1*55 


66 


2-46 


3 


1-00 


19 


106 


85 


1-22 


51 


1*59 


67 


2*56 


4 


100 


20 


106 


36 


1-24 


52 


1*62 


68 


267 


5 


100 


21 


107 


87 


1-25 


53 


1*66 


69 


2-79 


6 


1-00 


22 


108 


38 


1-27 


54 


1-70 


70 


2-92 


7 


1-00 


23 


109 


89 


1-29 


55 


1-74 


71 


307 


8 


1-00 


24 


1-09 


40 


1-30 


56 


1-79 


72 


3*24 


9 


1-00 


•25 


MO 


41 


1-32 


57 


1'84 


78 


8*42 


10 


1-01 


26 


Ml 


42 


1-35 


58 


1-89 


74 


8-68 


11 


1-02 


.27 


1-12 


43 


1-37 


59 


1-99 


75 


8-86 


12 


1-02 


28 


113 


44 


1-39 


60 


200 


76 


418 


13 


1-03 


29 


114 


45 


1-41 


61 


2-06 


77 


4-46 


14 


103 


80 


M5 


46 


1-44 


62 


2-18 


78 


4-81 


15 


103 


31 


M7 


47 


1-47 


68 


2-20 


79 


5*24 



Another example of finding the Diff. Long, by the method of Mid. Lat— - 
will show how to use the Traverse Tables, when the quantities exceed those to 
be found in them* ; and we will also project the figure. 

* When using Traverse Tables I. or II., the qaaotity or quantities given may be too 
great, in which case 70a can enter the Tables by dividing by 2. 3, 4, &c. ; but the divisor, 
£1! applied to one, must be applied to all, emeeft the course; then, whatever qnaiitKy or 
qa'antities you take oat, yon must multiply by what you diyided, for a correct result. 

P 2 
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Ex.— A ship from Lat 42° 26' N., on a N.E by E. course, rung a distanoo 
of 423 miles : what is her Lat. in, and the Diff. Long, made. 

In Trav. Tab. L ; Coarse 5 pts. and Dist. 141 (one-third of 423) give Diff. 
Lat. 78-3 and Dep. 117-2, which multiplied by 8 (as we took only a third of 
the Dist.) make Diff. Lat. 234-9 N. and Dep. 851-6 E. ; then— 

In Trav. Tab. II, Mid. Lat. 44° and Dep. 176-8 
(I of 351*6) in h^. ool., give 244 in Dist. ool. : 
doable this gives 488 for Diff. Long. 

Also, Mid. Lat. 45° and Dep. 175*8 in Lat. col,, 
glye 249 in Dist cpL : double this gives 498 for 
DifL Long. 

498— 488 b 10, of which we mnst take i and add 
it to DifE. Long, found by Mid. Lat 44°, since 
44° 224' w i towards 45°. 

Hence, 488+4 s 492 Diff. IxMig. 



ijSUtm MKIm ... ... ... 

Diff. Lat. (235»)... 



42° 25' N. 
8 55 N. 



Latin 



••• 



••• 



Mid. Lat ' ••• 



... 46 


20 


2) 88 


46 


... 44 


22| 



; ProjecUan of the Dif. Long, hy Mid. Lat. Sailing. 

Draw the line a d of any length, and from a ky 
off the angle b a o «- 5 points; from a lay off 
(from scale of eqnal parts) the Dist. a c = 423 ; 
from o drop a perpendicular on the line a p, meeting 
it at B ; then will a b he the Diff. Lat. = 235, and 
B o the Dep. «-i 352 : from o draw the line o n 
making an angle with b o equal to the Mid. Lat. 44^^, 
then c D (measured off the scale of equal parts) will 
be 492, and this is the Diff. Long, corresponding to 
Dep. 352 in Mid. Lat, 44|^ 

?^ Rule FOB Diff. Loho. bt Mbrgatob's Sailing. — ^Anoi^er method of 
finding the Diff. Long, is by Mercator's Sailing, which requires the Table called 
Meridional Parts* (Tab. IlL of Noriels Epitome). 

Taking the last example given, we proceed as follows : — 

Lat. left...., 42° 25'N.-<Tab. IH.) Mer. Parts 2815 

Diff. Lat (235' ») 3 55 N. 




Latin 46 20 K. 



Meridional Difference of Latitude... 



3144 
839 



Explanation. — ^Enter Tab. III. with the degrees of Lat. at the top, and the 
minutes of Lat. at the side ; under the degrees and opposite the minutes take out 
the Meridional Parts : do this for both latitudes : in this case, since both lati- 
tudes haye the same name (N.) the difference of the Mer. Parts is taken for the 
Mer. Diff. of Lat. — When of different names (one N,, the other 6.) we take the 
sum of the Mer. Parts for the Mer. Diff. of Lat. 



* Meridional Parti are certain numbers formed on such a basis that we can project the 
earth's globular surface into a plane, such that while the parallels of latitude and also the 
meridians are parallel straif^ht lines, erery place is in its proper latitude and longitude, 
toad the rhumb curre of a ship's course cuts every meridian it crosses at the same angle. 
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Then (in Trav. Tab. I.), with Course 5 points, and half the Mer. Diff. Lai. 
164'5 (found in Lat. ool.), stands 846'! in the I)ep. col. ; this multiplied by 2 
gires the Diff. Long. 492*2 as before. 

As we have projected the Diff. Long, by Mid. Lat. Sailing, so we may do thd 
'same by Mercator's "Sailingy that yon -may see the difference in the two methods. 

Pt^ection.of the. Diff, Idmg. by' Mercatdr^s Sailing. 

Draw the line a d of- any length, and from 
A to B lay off the Diff. Lat. 235'; on b erect 
the perpendicular b o, and make the angle 
B A € equal to the Course 5 points ; draw a 
line A b; then lay off the Mer. Diff. Lat. 329 
firom A to D, and through d draw d b parallel 
with B c ; the Dist. a o will measure 428, and 
the Diff. Long, d b will be 492. 

When the Course is Use than Jkmr poinU the method hy Mercator's Sdiling^^^ 
and when the Course is greater thas^ four points^ the method by Middle Latitude 
Sailing^ is considered preferable^ But for the ordinary purposes of Dayigatipn, 
when making up the Dead Redcomng, and the Latitude is less than 55^ ihe 
method of Mid. Lat. for finding the Diff. Long, is sufficiently accurate. 

By whichever method you obtain the Diff. Long., an unknown error in the 
course will generally produce as larg^ an error in the result as that arising out of 
the difference between the methods. 

Rapbe observes that " the Di£ Long, found by the method of Middle Lati-P 
tude is true at the Equator, and very nearly true for short distances in all lati* 
tudes, especially when the course is nearly East or West,, 

'^ In high latitudes, when the distance is great and th^ course oblique, the 
error becomes considerable. 

" When, however, the course is near 6 or 8 poiiits, the Diff. Long, should be 
found by Middle Latitude in preference to Mercator's Sailing, since a small 
"error in the Codrse may then produce a considerable error in the Diff. Long., — 
notwithstanding that the method by Mercator's Sailing is. mathematically cor- 
rect." 

In high latitudes, it is quite safe to work by Mid. Lat* if the Diff. Long, is 
found on each course and distance at short intervals* 



; LONGITUDE LEFT and LONGITUDE IN» 

' Long, left is the longitude from which the ship has departed, 

DiFP. Long, is the change of longitude in any interval. 

' Long, in is the longitude at which the ship arrives, and is determined either 
by observation, or by meanls of the Diff, Lqng. derived frqm the Departure* 



38 KLBUKtlTABT MATiaATIOM 

■ I will explain the mcUtod of obtamiiig liie Long, in, front the Long, left and 
Diff. Long., naing the folioiriiig examplea :— 

(I) (S) (3) (4) ■ (E> (6> m <8) 

Loog-Ieft... 40"B, 40»B. 8*B. M'W. 84=W. a^W. 178'*B. 17»'*W. 
PiCLoog.. 3 B. 3 W. 6 W. ;! W. 4 E. 6 B. 6 B. fi W. 

Long. In ... 43 B. 38 S. 2 W. 38 W. SO W. 4 B. IM E. 181 W. 

— — — — "•seoseo 

Lcaig. in 176 W. 176 B. 

(1) If you are in eatt long, and Bail east, Iiong. left mnst be increased hy 

Diff. Long. 

(2) If 70a are in etut long, and sail wett, Long. left most be decreased t^ 

Diff. Long. 

(3) If yon are in eait long, and sail west, and I)iff, Long, exceeds Long, left, 
take the less from the greater, and the remainder trill bo the Long, in, 

(4) If 70a are in west long, and sail tout, Long, left mnst be increased bf 

Diff. Long. 

(5) If yon are in wett long, and sail eail, Long, left mnst be decreased bf 

Diff Long. 
- (6) If yon are in weet long, and oail east, and DifT. Long, exceeds Long, left, 

take the less from the greater, and the remainder will be Long, in, eatt. 
(7 and 8) If the sum of the Long, left and Diff. Long, ogcaeds 180°, take 

the sum from 360° for the Long, in, which will hare a diScront name 

from the Long. left. 
The Rule stated briefly resolves itself into this : — For Long, in, if Long, left 
and Diff. Long, are of the same name, take their sum ; if they are of different 
names take their difference, and in this case the Long, in will be of the same 
name as the greater; bnt note well 7 and 8. 



ON TAKINO A DEPARTURE— CB088 BEARINQS. 
' Bonnd on a voyage yon take what is called a Dbpaktork from the last or 
most conspicnons well-known point of land visible. If only one snch point shows, 
as in the case of the ship at b in Fig. 6, yon take its bearing by compass, and 
wtimate its distance, both of whieh yon enter in the log-book. (Sm log-book 
form, p. 42.) 

N.B. 1. — If your compass has no 
deriotion, yonr compass-bearing will 
be correct magnetic, «id will require 
no correction bnt for variation. (^See 
log-book form, p. 42.) 

N.B. 2. — It joar compass has 
deviation, yonr compass-bearing will 
be affected by the deviation dne to 
the direction of the ship's heading, 
which yon will enter '((M log-book 
form, p. 44) ; and it will require to be 
Corrected for deviation and variation. 
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N.B. 3. — On reckoning np your Day's Work, the bearing at Departure must 
be entered in the Traverse as a Course in the oppoHU directum, for this reason ;— - 
take the Lizard as yonr point of Departure, the position of which is well known; 
bnt the ship mnst be several miles from the Lizard, which we will say bears 
N.E. by E. 14 miles from the ship; then you can easily understand that the 
course from the Lizard to the ship would be S.W. by W., and the distance 14 
miles ; it is to this departure course to which the corrections most be applied. 

If two good and well known points are visible, you take what are called 
Cross-bbaeikos by compass; coxreot them for the deviation (if any) due t.o 
ship's heading, and then plot them on the chart by the compass (magnetic) that 
jon find near your position ; for example, you are in a ship at a in Fig. 6 ; the 
point with the lighthouse oil it bears correct magnetic N. by W., and the point 
with the tree on it E. by N. ; you lay the parallel rules over the compass on your 
chart at N. by W. and work them to the lighthouse, preserving the direction ; 
you then draw the line from the lighthouse to a; similarly you lay the parallel 
rules over the compass on your chart at E. by N* and work them to the tree; 
you now draw the line from the tree to a; where the lines cut was the ship's 
position on the chart when the bearings were taken ; and the distance of the 
ship from lighthouse or tree can be at once measured by takihg in the dividers 
the distance between either and the ship, and referring the space between the 
two points of the dividers to the graduated meridian on the side of the chart. 
Let the angle of the hecarings he as near as possible 90^ or 8 points. 

When sailing along the land, cross-bearings will always determine your posi- 
tion from it, — 'allowing the proper corrections on the compass. 

When working your Day's Work, day by day, your first Departure is, of 
course, the land you leave ; for subsequent days you will take as your departure 
the position (Lat. and Long, by observation if possible) of the previous noon. 



THE DAY*S WORK, 

We will now proceed to the solution of the Day's Work — which is the deter- 
mination of the Ship's Position by Dead Reckoning, the basis of which is to be 
found on the Log-^ard, — or in the Log-Book, which has been copied from the 
Log-Board. . ^ , 

In Older to do this effectively, it may not be amiss to give a irief summary of 
much that has already been stated at some length : but do not suppose that you 
will have a good knowledge of what the Day's Work means, and of the method 
of solving it by merely reading the summary,— rbeoause yon will not : I have not 
written a word more than you ought to be well up in, and have perfectly 
impressed on your mind^ before you come to this part of Navigation. 

In going through these Day's Works verify every figure by reference to the 
Traverse Tables, &c. — ^take nothing as granted to be correct : your doing so, 
and your mere acquiesence in the solution, does not prove that you under- 
stand it. 

When correcting a Course or Bearing, always suppose yourself standing in 
the centre of the Compass, looking in the direction of the CJourse or Bearing. 
A Compass Course may be affected by Leeway, Deviation, and Variation. ^ 
A correct Magnetic Course can be affected by Leeway and Variation, not by 
Deviation* 
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A Oompasd Bearing may be affected by Deriation (dais to the direction of the 
ships' heading or course^ and by Variation. 

A correct Magnetic Bearing can be affected only by Variation, 

When correcting for Leeway-^ 

Allow it to the right if on the port tack ; 
Allow it to the left ff on the starboard tack ; 
that is, in a direction from the wind. 

When correcting a compass course for Deviation^^ 

Allow it the right, if Easterly ; 
Allow it to the lejfl, if Westerly. 

» 

When correcting a compass course /or Variation^ 

Allow it to the right, if Easterly ; 
^ Allow it to the lejfl, if Westerly. 

N.B, — ^The application of the Deviation and Variation to the compass conrsea 
to get Trae Conrses may be expressed in another way, remembering that + 
(plus) signifies additive and •- (minus) substractive :— 

Easterly Dev, and Var. aie -f> to all Compass Conrses between | g ' ^^ yf 

Easterly Dev. and Var. are — from all Compass Cotkzses between | g * ^^ ^ * 

Westerly Dev. and Var. are + to all Compass Conrses between | g * ^^ ^ * 

Westerly Dev. and Var. are — from all Compass Conrses between { g * J^^ yf 

1» Reverse the departure bearing; express it in degrees, and apply the 
deviation (due to the direction of the ship's head), and the variation ; the result 
is to be taken as a course. 

2. Correct each course in succession, allowing the leeway (if any), applying 
the deviation (appertaining to each course), and also the variation. 

JVlote, — ^Allow the leewi^in points bd^ore expressing the conrse in degrees. 

8. The current being correct magnetic, treat it as a course, but only apply 
the variation. Note. — ^The drift is to be taken as a distance. 

4. The true courses being thus found, are then, with their respective distances, 
to be entered in the following form : — 



True Courses. 


Dist 


Oiff. Lat. 


Departure. 


N. 


S, 


B. 


W. 















5.. Enter Traverse Table II. with the several courses and distances, and fill 
up the D. Lat. and Departure columns. . Remember to read from the top of 
Trav. Tab. if course is less than 45°, but from the bottom if over 45°. Also,^ 
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if Dist. exceeds 300 miles, enter the Trnv. Table with half the Dist., take out 
the corresponding D. Lat. and Dep., and then doable them. 

6. Add together the quantities in the. N. column, and also in the. S. column ; 
then, take the difference of the tvro sums, giving the remainder the name of the 
greater quantity (N. or S.) t the result will be the Diff. Lat. made good. 

7. Add together the quantities in the JB. column, and also in the W, 
column ; then, take the difference of the two sums, giving the remainder the 
name of the greater quantity (E. or W.) ; the result will be the Departure made, 

8. For tlie Course and Distance made good, enter Trar. Tab. 

II. and seek out the page where the D. Lat. and Dep. made are side by side, 
reading headings of columns from the top if D. Lat. iJS greater than Dep., but 
from the bottom if D. Lat. is the less. . The course (in degrees) is taken from 
the top of the page if D, Lat. is greater than Dep., but from the bottom if 
D. Lat. is the less. The Dist. comes from Dist. colunm alongside the given 
D. Lat. and Dep. : name the Course according to the' D. Lat. and Dep., and 
write the result thus — Course made good N. or S. • • .° E. or W. ; Dist. . • • 
miles. 

9. For the Lat. in. — Under the I^at. left write the D. Lat. ; if both have 
the same name (N. or 8.) take their sum for Lat, iuj of the same name as Lat, 
left : if one is N. and the other S. take their difference for the LcU» in, of the 
same name as the greater, 

10. For the Middle Lai. — Add together the Lat. left and Lat. in, if both 
have the same name (N. or S.), and divide the sum by 2; if one Lat. is N. and 
the other S., take their difference and divide the remainder by 2. 

11. For the Diflf. Long.— Enter Trav. Tab. IL with 



Mid. Lat. (as a course) 
and Dep. (in D. Lat. col ) 



the Dist. (in Dist. cqI) is the 
required Diff. Long. 



Nate, — If Dep. exceeds 300, take the half of it, and having' found the Dist. corresponding 
thereto, doable it. 

At the equator, or if the Lat. in is less than 5° or 6° tfie Dep. may be taken 
as the Diff. Long. 

12. For the Long. in. — Under the Long, left write the Diff. Long, with 
the same name as the Dep. If Long, left and Diff. Long, have the same name 
(E« or W.) take their sum for the Long, tn, of the' same name as Long, left; 
except this sum exceeds 180^, in which case subtract it from 360°, and mark 
tiie remainder W. when Long, left is E., but E. when Long, left is W. If 
Long, left and Diff. Long, have different names (one E. and the other W.), 
take their difference for the Long, in, of the same name as the greltter. 

Day's Work No. I. 

The Courses, Leeway, and Variation being in points of the compass, you will 
retain them so, and use Trav, Tab. I. 

• ' 1st. Begin with the Departure ; reverse it, and enter it as a course after, 
correcting for variation. 

2nd. Take each course in succession, correct for leeway (if any), and then for* 
variation : also sum up the distance run on each course. 

3rd. Take the current as the last course, and correct for variation. 

4. .Then proceed as directed in the summary, p. 40 — 41 ; or as your knowledge 
of the eatlier part of this work assists you, without reference to the summary. 
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'SoTK.-^This is a copy of the Log-hoard, divested of the balk of the remarks. 



H. 
1 


K. 


F. 


Ck>iiT8e8, 


Winds. 


Lee- 
way 




Bemarks. 


6 





W.byN. 


North. 


P.M. The Departure is taken 


2 


6 


4 








from the Lizard in 


3 


6 


4 








Lat. 49° 68' N. 


4 


6 


2 








Long. 6« 12' W. 


6 


5 


6 








•bearing ^y compass (correct 


' « 


6 


4 


S.W. by W. 


N.W. by W. 


i 


magnetic) N.E. by E. distant ; 


7 


6 


4 








14 miles. 


8 


7 













9 


6 


6 


8.W. 


W.N.W. 


1 




10 
11 


6 
6 


4 

6 








Variation 2 points West. 


12 


7 





N.N.W. 


West. 


f 


« 


1 


6 


6 


. 






A.]f. 


. 2 


6 


4 


• • • 






% 


8 


5 


6 










4 


6 





N.N.E. i B. 


W.N.W. 







6 


6 


4 


■ 


" 






. 6 


6 


6 










7 


5 













8 


4 


6 










9 


5 


6 


.W.8.W. 


N.W. 


i 


Current set ship N.W. by N. bv 


10 


6 


4 








compass 8 miles during the last 


U 


. 6 











12 hours. 


12 


5 


6 











Dep. Co. 
8. 6 W. 
• 2 W. 

8. 8 W. 



2nd Co. 
8. 6 W. 

8. 4f W. 
2 W. 

8. 2f W. 



1st Co. 
N. 7 W. 
2 W. 

N. 9 W. 
10 

S.X.W. 

Prove the rest 
yourself. 

Cur. Co. 
N. 3 W. 
2 W. 

N.Tw. 



Corrected 
GotlraeB. 


DlBt. 


Dtfl.Lat. 


Depttztore. 


N. 


8. 


E. 


W. 


aspts. W. 

8.7 W. 
8. 2f W. 
8. li W. 
N.8i W. 
N. i B. 
8. 3f W. 
N. 5 W. 


14 
81 
20 
20 
26 
28 
24 
8 


20-9 
280 

4-4 


11-6 

60 

17-2 

191 

17-8 


1-4 


7-8 
30-4 
10-3 

6-8 
15*5 

161 
6-7 




53-3 


71-7 
63-3 


1-4 


92-6 
1-4 






Diff.La 


t.18-4 


Dei 


). 91-2 



Lat. left. 49°58'N. 
Diff. Lat. 18 8. 

Lat. in 49 40 N. 



2)99 88 



Mid. Lat. 49° and Dep. 91- 2 (in Lat. col.) in Trav. Tab. IL 

give 139 in Dist. col., for l>iff. Long. 
Mid. Lat. 60° and Dep. 91*2 (in Lat. col.) in Trav. Tab. II. 

give 142 in Dist col., for Diff. Long. 
Take 141 for Diff. Long, corresponding to Mid. Lat. 49|°. 



Mid. Lat. 49 49 



Diff. Lat. 18* 4 8. and Dep. 91" 2 W. in Trav. Tab. II. give 
Course made good 8. 784° W. and Dist. 93 miles. 



Long. left. 6°12*W. 
Diff Long. 141' « 2 21 W. 

Long, in 7 38 W. 
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We have refined here, which is not generally necessary : it woaM have been 
sufficient to hare taken Mid. X*at. 50^. 

And these resojlts. would be entered in the Log-Book in something like the 
following form, beneath the day's (24 hours) transactions :— • 



Ckjnrse 
made good 

S. 78J« W. 



Dist 
run. 

93 m. 



Diff. 
Lat. 



18H B. 



Dep. 



91''2W. 



Latitude. 



ByD.R. 
49** 4ff N. 



ByObe. 



Diff. 
Long. 

141' W 



Longitude. 



By D. B. 
V 83' W. 



ByObfl. 



Where there is no demation of the eompasSf there is no absolute necessity, 
under ordinary circumstances, to correct the courses for yariation, until you 
haye arriyed at a Diffl Lat. and Dep. from the courses corrected for leeway ; it 
sayes trouble and the result is equally accurate. 

The following is the Day's Work just solyed ; — ^the courses are corrected for 
leeway, and with the distances, a Diff, Lat. and Dep. are found in the usual way ; 
then this Diff. Lat. and Dep. giyd a Oourse aiid Dist. (I) :-^Now correct the 
course (just obtained) for Variation, once for all, and you get the True Course (2); 
— with the True Course ai)d Dist., get the True Diff. Lat. imd True Dep. (3); 
and the remainder of the solution is as before. 

This method is inapplicable where the magnetic meridians are crowded 
together, so that the yariation at (he end of the day diners 3^ or more from 
what it was at the commencement. 

N.B. — The figures in this method (below) are as many as bj the former one, but yon re- 
member we have not been at the trouble of correcting each course separately for yariation, 

(1) Diff. Lat. 17-7 N.andDep.91-2W. 

in Trav. Tab. XL give Course 
N^ 79° W. and Dist. 93 m. 

(2) Then Course corrected for 2 pts. 
W. var. gives True Co. S. 784° W. 

(3) True Co. S. 784° W. or W. by S. 
and Dist. 93 in Trav. Tab. I. give 
Tme Diff. Lat. 18*1 S., and True 
Dep. 91-2. 

Lat. left ... 49° 68' N. 
Diff. lAt... 18 S. 



Conrees 




Diff. Lat 


DepartntB. 


corrected for 
Leeway. 


Dist. 




















N. 


S. 


B. 


W. 


S.5 W. 


14 




7-8 




11-6 


N.7 W. 


81 


6-0 






30-4 


8. 4| W. 


20 




11-9 


• 


16-1 


8. 34 W. 


20 




15-5 




12-7 


N. li W. 


26 


25-2 






6*3 


N. 2i B. 


28 


25-3 




12-0 




8. 6f W. 


24 




10-3 




21-7 


N.3 W. 


8 


6-7 






4-4 


63*2 


45-5 


12-0 


103-2 


t 


»iff.La1 


45-5 






120 


:. 17-7 


Dei 


). 91-2 



Latin 49 40 ^. 

2)99 38 
Mid, Lat... 49 49 



Mid. Lat. 50° and Dep. 91«2 (in Lat. col.) give in Trav. Tab. IL Dist,' 142, which id 
Diff. Long. 

Long, left 6° 12'W: 

Diff. Long. 142' = 2 22 W. 



Long, in 7 34 W. 
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Day's Work No. 2. 

Has leeway, deviation, and yariation ; and the solation is by correcting the 
courses, Ist, for leeway /if any) ; then for deviation ; and lastly, for rariation ; — 
unless you correct by tne error of the compcua^ that is, taking deviation and 
yariation together as shown on p. 22-23. 



H. 



1 
2 
8 

4 

-6 

6 

• 7 
. 8 

• 9 
10 
11 

.12 
1 
2 
3 
4 
5 
6 

• 7 
•8 

9 
10 
11 
12 



E. 



6 
6 
6 
6 
7 
7 
7 
8 
8 
7 
7 
.7 
7 
6 
6 
7 
7 
7 
8 
7 
8 
8 
7 
'8 



T. 



6 
4 

6 
4 


4 
6 


6 
4 


6 
4 

6 
6 
4 
4 


6 
4 



Courses. 



S.byW,|W. 



8.W. I W. 



W.8.W. 



Winds. 



W. by S. 



WJT.W. 



N.W. 



N.JW. 



S.E. i E« 



w.N.iir. 



S.W. 



jLeer. 
jway 



1 



Dev. 



6*B. 



9*'W. 



12** W. 



4*»W. 



1P&. 



Bettiarks. 



P.M. The Departure is taken 
from the Old Head of Kinsale 
in 

Lat. 61«» 37' N. 
Long. 8« 82* W. 
bearing by Compass N.W.distaat 
12 miles ; Ship heading 
8. by W. i W. with Deviation 



Variation 24** W. 



Allow for Current setting W. by 
N. (correct magnetic) 1 4 miles, 
during the last 16 hours. 



Dep. Co. 

8. 45'' E. 

5 E. 

8.40 E. 
24 W. 

8.64E 



IstCo. 2nd Co. 
8. U W. B.4f W. 

1 J 

8*lipt.W. 8.44 W. 

8. 14° w. asi^'w. 

5 B. 33 W. 



,8.19 W. 8.18 W. 
24 W. =■ 
Or 8. 45« E. — 
24-6= 19 W. 8. 6 B. 



8.64 B. 



&c.,&c.. 







Difl. Lat. 


Departure; 


OcwTOcted 


Bist. 






GouzBes. 








. 




, 




N. 


8. 


B. 


W. 


8. 64*» B. 


12 




6-8 


10*8 




8. 5 E. 


26 




25-9 


2*3 


• 


8. 18 W. 


30 




28-6 




9*8 


8. 26 W. 


60 




44-9 




21-9 


N.22 W. 


38 


36*2 






14*2 


8. 64 E. 


32 


. 


14*0 


28*8 




8. 77 W. 


14 




3*1 




13*6 






36*2 


121*7 


41*9 


69.0 


• < 






86*2 


-•. 


41*9 


Diff.Lai 


^86:6 


Dep, 


17*1 



Prove the rest yoiurself : to Current only allow Van 
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Lat. left. 61°3rN; 
Biff. Lat. 86*5= U 27 S. 



Lat. in 50 10 N. 



2)101 47 



Mid. Lat. 50 53 



Mid. Lat 61° and Dep. 17'l(in Lat. col.)'Ti»v. 
Tab. U. give 27 in Dist. col., for DifE. Long. 

Long, left 8°32'W. 
Diff.Long 27 W. 

Long, in 8 59 W. 



Diflf. Lat. 86* 6 S.and Dep. 17* 1 W, in Trav. Tab. L give Coarse made good S. by W., 
and Dist. 88 miles. 

And our Log- Book form would be entered as follows : — 



Course 
made gOod 

S. hj W. 



Dist. 
ran. 

88 m. 



Diff. 
Lat. 



86'-5 S. 



Dep. 



ir-1 W. 



Latitude. 



ByD. B. 
51° 10^ N. 



By ObSi 

61° 8' N. 



Diff. 
Long. 

27' W. 



Longitude. 



By D. R. 
8° 69^ W. 



By Obs. 
9° 4' W. 



' I have filldd in a Lat. and Long, hy observation to show that at the end of 
the next day (24 hours), when worMng up the reckoning, they will be taken as 
our departure Lat. and Long. Thus, suppose our Courses and Distances for 
the 24 hours gave us DiflF. Lat. 72'-9 S., and Dep. 148'-6 W. 

Then, with these we get Course made good. 8. 63^ W, and PJst. 161 miles ; 
also — ' 



By Obs. Lat. left... 61° 8' N. 
Diff. Lat. 73' = ... 1 13 S. 



Lat. in by ]>. B. ... 49 55 



Mid Lat 



2)101 3 
... 50 31 



Mid Lat. 50|° and Dep. 143*6 (in Lat. col.) give Diff. 
Long. 226, by searching Tray. Tab. first for 60° and 
then 61°, and taking the mean. • 

By Obs. Long, left ... 9° 4' W. 
Diff. Long. 226' = ... 3 46 W. 

Long, in by D. B. ... 12 60 W. 



A SHIF& RECKONING. 

A Ship's Rkckokino is that account by which it can be known at any time 
where the ship w, and on what course or counfes she must steer to gain her port. 

The basis of the reckoning is first kept on the Log-Board, and then trans- 
ferred to the Log^Book. 

. The LoG-BoABD is a slate in a folding framei, on which is written at intervals 
during the day everything connected with the progress of the ship on her. 
▼oyage, as well as any occurrences worthy of ootlice. The log-board is divided 
into seven columns 4M fettows, trader the headings of — 

I H. I E. I F. I Courses. | Winds. | Leeway. | Bemarks, Monday, April 10th. | 

The column on the left contains the 24 Hours from the noon of oQe day to 
the noon of the next, divided into two portions of 12 hours each. 

In the second, and thurd columns are the JSjiptft »ud -Fftthoms (or JTnots and 



i6 KLfiMEKTART NAVIGATION 

Tenths) the ship id found to run per honr, set against the hours when the log 
was hove. N.B. — The log is generally hove once in two houft, and the inter- 
vening rate inferred. 

The fourth column contains the Courses the ship steers. 

The fifth column gives the direction of the Winds, 

The sixth column notes the Leeway^ when any has heen made. 

The seventh column, for Remarks^ gives ; — ^the kind of wind and weather — as 
moderate, fresh, gale, squally, strong gale, foggy, cloudy, &c. ; the state of the 
sea — as smooth, moderate, high, or heavy, <&c. ; the alteration of the sails — aa 
tacked ship, squared the yards, <&c. ; the business doing aboard, as to the 
employment of the crew; when the ship was pumped, and the water in the well; 
the ships sighted or spoken; if in soundings, the depth of water and nature of 
the bottom, &c. ; and what other temarks the officer of the watch thinks it his 
duty to insert. 

Memo, — ^When the foregoing particulars are transferred to the Log-book, 
they are generally given in fuller detail, and the following record may be of 
service. 

As regards Windj Bbaufobt'b ScdU is that generally used; and I have 
arranged hourly velocity of the wind according to the scale :— 

^^^S^^ Scale. fitote. fiaUeanled. 

Calm. 

1 ... I Light airsk....* ...Steerage way« 

2 to 3 ... 2 Light breeise Glean full— 1 to 2 knots. 

4 to 7 ... 3 Ctentle breeze „ 3 to 4 knots. 

9 to 15 ... 4 Moderate breese..... ,, 6 to 6 knots. 

15 to 18 ... 5 Fiesh breeze With royals. 

19 to 22 ... 6 Strong breeze Topgallant sails over single ree&. 

23 to 28 ... 7 Moderate gale Two reefs in topsail. 

28 to '40 ... 8 Fresh gale Three reefs in topsail. 

40 to 48 ... 9 Strong gale Close-reefed topsails and eonrses. 

48 to 56 ... 10 Whole gale. Close-reefed topsails and reefed foresalL 

57 to "80 ... 11" Storm Storm staysails. 

80 to 100 ... 12 Hurricane Bare poles. 

Weather, — Besides defining the character of the winds, there are specialities 
in the weather which must also be recorded ; as — 

Clear; hazy; cloudy; drizzling rain; foggy; thick fog; gloomy, dai^*; 
hail ; lightning ; misty ; gvercast ; passing showers ; squally ; heavy stalls ; 
rain; continuous rain ; snow; snow squalls; thunder; ugly appearance; direc- 
tion of the upper clouds ; direction of the scud, &c. 

Various phenomena are also recorded, — as, waterspouts, icebergs, field ice, &c. 

The height of the barometer should be inserted at regular intervals, and more 
frequently when the changes are rapid ; also give the height of the thermometer, 

A swell is recorded in the same way as is the wind, — thus a S»W, swell, 
means a swell ,/9iewi the 8.W. 

The chip's log should be kept in Qvil Time, 24 hours to the day, — the first 
12 hours being a.m., and liie second 12 hours p.m. ; by this mode of reckoning, 
the noon of the Date by Log agrees with the astronomical day, and there can 
be no confusion in the correction of the elements taken from the Nautical 
Almanac. The civil day begins at midnight and ends at the midnight fol- 
lowing : the astronomioal day begins at noon and ends at the noon following :< 
but the noon of any given Date» as May 12| or November 20, is the same in 
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b(>th methods of reckoning ; hence th€ ciyil daj is 12 hours in adriince of Che 
astronomical day. 

, The barbarism of reckoning by a nautical day^ 12 hours in adrance of the 
civil, and 24 hoars in advance of the astronomical, day, cannot be too much 
deprecated, and must have frequently led to errors in the computation of the 
astronomical data. Besides, two mo<)es of reckoning dates must surely be 
enough, without the complication of a iMrd, and wholly useless, date. 

The LochBook, headed on each page— 

** Journal of the Ship , bound from towards ," 

is a book ruled like the log-board, in order to contain the daily copies of every- 
thing written on the log-board by the officers of the watch as the things 
occurred; it is written up by the Mate, at noon, and is taken to be the only 
authentic record of the ship's transactions; the Mate, under the directions of 
the Master, makes any other notes that circumETteinces require ; and from the 
Log- Book is deduced tiie — 

Dbad Bbgkonuio, which is the Diff. Lat., Dep., and DifiT. Long., — ^the Lat. 
in and Long in — and the Course and Dist. made good, — derived from the 
Courses and Distances made during the 24 hours. The latitude and longitude 
obtained from the log-board or log-book is written Lat. by D.R. and Long, by 
P.R. ; or Lat. by Ace. (account) and Long, by Ace. — ^to distinguish them from 
what is obtained by observation of the sun, <&c., which is written Lat. by Obs., 
and Long, by Obs. 

Note. — The error in the Distance arising from an error of a quarter of a point 
in the Course is about one mile in twenty. 



MEROATOR'S CHART. 
(Refer^ when required^ to Chart at beginning of the Work,) 

If you take a globe and try to find the course and distance between any two 
places, you will experience considerable difficulty in ascertaining what yon 
require, and you would find it impossible to do so on a map constructed on the 
globular projection. The early navigators had to contend with this difficulty, 
and projected what they called the plane chart, on which the parallels and 
meridians were equidistant straight lines ; but the errors in navigation could not 
have been lessened by the use of such a projection, and this was soon found out. 
When, however, Gerard Kauffmak (better known as Meroator) devised the 
chart which goes by his name, its facilities for the purposes of the mariner were 
at once recognised, and it is now universally adopted as the only proper chart 
for general navigation ; — the parallels and meridians are still straight parallel 
lines, but only the meridians are equidistant, and the construction is such that 
the rhumb lines are also represented by straight lines. 

You know that the paraUels of latitude on the surface of the globe are every- 
where equidistant, while the distance between the meridians lessens as we pro- 
ceed polarwise ; and you can at once understand that if, on a plane surface, the 
parallels are retained equidistant while the meridians are widened out at the 
poles to the distance they have at the equator, there must be connderable dis- 
tortion isL only one direction, viz., in longitude. But the difficulty in the 
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delineation is' got over,, and the relation between the different parts preserved hf 
a distortion polarwise, that is, if we also widen the distance between the parallels 
of latitude to the same proportionate extent that^re haye widened the meridians. 
And such is the case in Mercator's Projection (See Chart.) 

In other words, all the meridians are pai^Uel right lines, and the degrees 
of longitude are all equidistant : the parallels of latitude are everywhere at 
right angles to the meridians, and the degrees of latitude are increased in length 
from the equator to the pole in the same proportion as the degrees of longitude 
decrease on the globe ; and a chart on this projection is constructed by the aid 
of a Table of Meridional Parts. It matters not that the extent of land and 
water in the higher latitudes is out of proportion when compared with the 
equatorial regions, the shape is still approximately preserved, and what is of 
most importance in navigation— the relative direction from one part to another, 
so that the track of a ship always steering the same course is drawn as a 
straight line. 

Mercator's projection has been compared to a cylinder unrolled — ^the cylinder 
of indefinite length being such an one as we might suppose to circumscribe the 
globe at the equator. 

A Gekbral Chart takes in a large expanse of the ocean and bounding 
land, an entire sea, or a considerable extent of coastline with its contiguous 
waters. The parallels and meridians are drawn on it, the lights are marked, the 
soundings, the variation of the compass, and such other details as the scale ol 
projection will admit of. The compasses (in different parts of the chart) are 
often true, but sometimes correct magnetic. It will be a large acahf or small 
scale, chart according to the extent of coast and sea delineated. 

A Plah is a chart that comprises a detached portion of a general chart, on a 
large scale, as a harbour, roadstead, small bay, the entranceto a river, channels 
leading to a port, a small part of a sea where the navigation is intricate, an 
island, &c. On it are given the lights and buoys, the soundings and bottom, 
the leading' marks, the cotirses through channels, the dangers to be avoided, the 
variation of the compass, the tidal establishment of the port, the rise of tide at 
springs and neaps, and every thing that tends to facilitate the navigation of the 
locality ; the compass is correct magnetic ; and the scale on which the chart is drawn 
is noted. Such a chart only occasionally gives the parallels and meridians i 
when these are absent, the scale in miles is given. 

(1.) When a chart is properly spread out before you, so that you can read 
it like the page of a book, the top is the North, the bottom is the South, 
the side to the right is the East, and the side to the left is the West. 
The only exception to this arrangement is when, for some special pur- 
pose, the chart is drawn on what is called the diagonal scale; but 
reference to one of the compasses, the North point of which is invariably 
denoted by a device, as an arrow, star, or fleur-de-lis, will at once show 
the north and south, and consequently the east and west. 

(2.) The Parallels are represented by straight parallel lines drawn across a 
chart from east te west ; their width apart is unequal, and the inequality 
increases more and more in proceeding from the equator. If the increase 
is upwards in the direction of the North part of the chart, then the chart 
lepresents some portion of the northern hendsphere ; if the increase is 
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downwards, towards the South, it embraces some part of the soathem 
hemisphere. The parallel of 60^ N. passes near Gape Farewell. 

(8.) The Meridians are represented by straight parallel lines drawn from the 
top to the bottom of a chart, that is from North to South ; and the space 
between them is everywhere equal. Parallels and meridians are at 
right angles to each other. The meridian of 20^ W. passes through 
Iceland. 

(4.) The Scale of Latitude and Distance. — The two meridians which 
bound a chart on the right and left (as a c and b d) are called graduated 
meridians, because they are marked to degrees, — ^and also to minutes if 
the width between the parallels is sufi&ciently great. On these meridians 
latitude is measured from the equator, polarwise, in degrees and minutes 
according to the scale of the subdiyisions. The Distance of two places 
is also msiuursd on the graduated meridian^ 

(5.) The Scale ot Longitude. — ^The two parallels which bound a chart at 

the top and bottom (as a b and c d) are called graduated parallels, — ^being 

marked to degrees (and minutes if sufficiently large); on these parallels 

* longitude is measured, and nothing more. Distance cannot be taken from 

them. 

(6.) To find the Latitude of a Place on the Chart, — With the dividers take 
the distance of the place from the nearest parallel ; refer this distance to 
one of the graduate meridians, placing one point of the dividers on the 
same parallel, and the other point upwards or. downwards as required; 
read off the latitude at the position of the latter point. . 

(7.) To find the Longitude of a Place on the Chart. — ^With the dividers take 

the distance of the place from the nearest meridian ; refer this distance 

. to one of the graduated parallels, placing one point of. the dividers on 

the same meridian, and the other point to the right or left of it as 

required; read off ihe longitude at the position of the latter point. 

(8.)' To mark the Ship^s place on a Chart. — ^With the dividers take from the 

graduated pamllil the given latitude; mark this on the meridian nearest ;nenAiA4 

to the given longitude ; lay the edge of a pair of parallel rules on a near 

parallel and work one side of them to the exact latitude you have marked 

on the meridian : then, with the dividers, take the given longitude horn. 

the graduated parallel : lay this down along the edge of the parallel rules 

which already marks the latitude, and you have the ship's place. (iS!m 

Track from Lizard to Madeira, on chart.) 

NOTB ; — to find the Courses and Distance between two places an the Chart, jm Q. 8, 4 
and 6 p. 50-51 (Examination in Chart). 

(9.) To lay down a ship's place by cross-hearings when near the land has 
already been described on p. 89 ; remember, that having taken the bearings, 
they must be corrected for the deviation due to the direction of the ship's 
head, if an iron ship or a steamer ; also, the nearer the angle between 
the two bearings approaches 8 points or 90^ the better will be the 
determination of the position ; under 45^ is much too small an angle, 
and over 12 points or 135^ is much too large an angle, for accuracy. 

Having the ship's place on the chart by cross-bearings, you can find the Lat, 
and Long, by par. 6 and 7 above, if you desire it. 
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(10.) Mercator. Course (rhumb line) and Cheat Circle Course, — ^You have 
already been told that on Mercator's Chart the oonrse between any two 
places is a straight line ; I have shown the coarse between St. John's, 
Newfoundland, and the Scilly Islands (English Channel) ; as here pro- 
jected it is N. 85|° E. or E. \ N. (easterly), and the distance is 1847 
miles ; but this rhomb line (and, indeed, any course on Mercator's pro- 
jection, except a true north, south, east, or west one), when placed on a 
globe^ cutting every meridian it passes at the same angle, is a spiral, 
which, if pursued, and no land intervened, would be always tending polar- 
wise, without reaching the pole. The arc of a Oreat Circle is the true 
course between two places, and the distance along that track is the 
shortest possible; it does not seem to be sndi when drawn on Mercator's 
chart, but it is so nevertheless : the Great Ciiole course and distance 
between 8t. John's and the Bcilly Islands is represented on the chart (as 
a curve) for comparison with the rhumb line : a ship on such a course 
would be constantly changing the direction of her head, as every meridian 
is not cut at the same angle; in this case, at starting the course would 
be N. 68^ E. or E.N.E., gradually change towards East as the highest 
latitude (Latitude of Vertex) 51"" 14' N. in Long. 24"^ lO^ W. was 
reached, the diredion would then trend to southward of east, and the 
last course would be 8. 76;^^ E. or E. by 8. southerly. The distance 
is 1807 miles by the Oreat Circle. It is always useful to know the 
pontion of the dreat Circle with respect to the Mercator track, because, 
when winds head a vessel, that tack mist be best which leads the nearest 
to the great circle : on the great circle a ship's head always points directly 
to her port; on Mercator's track she only appears to 'point to it, although 
on the given course she must eventually reach the port. (See Chart.) 

The remaining instructions on the use of the chart are given in the answers 
to, and notes on, the questions set in the Board of Trade paper— 

EZIHIHATIOH IH ChART. 

The Applicant for the Yachting Certificate of Competency will he required to 
answer in writing, on a sheet of paper which will he given him hy the Examiner , 
all the following questions^ numbering his answers loith the numbers corresponding 
with* those on the question paper. 

Q. 1. A strange chart being placed before you, what should be your special 
care to determine, before you answer any questions concerning it, or attempt to 
make use of it ? 

A. Determine, from the compass, which is the North part of the chart. 
iVMffi— Also, if a foreign chart, note wbat meridian it is projected from. 

Denmark, Holland, Norway, Oermany, BoBsia, Sweden, and the I7.S. d Korih 

America, adopt Greenwich meridian. 
Fnmoe, Anttria, and Italy adopt Paris, 2® 20^ d'* 4 E. of Qieenwidk 
Spain takes San Fernando, Cadiz, 6^ 12^ 16' W. of azeenwich. 
Portngsl takes Lisbon Castle 9"* 7' 31'* 8 W. of Oieenwich. 

Q. 3. How do you ascertain that in our British charts? 
A. The North point is marked by some device, 

Q. 8. Describe how you would find the course by the chart between any 
two places, A and B. 

A. Iaj the edge of the parallel rules oyer the two places, then slide them 
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(pieserring the direction) till the edge of one role is on the centra of the 
compass, and read off the coarse indicated by the direction of the itde. 

iVo^.— Thus, (m0 chare) laying the parallel rales oyer Sdlly Idancls and 8t Michael's 
(Azores), as indicated by the dotted line, and traversing them to the compass, the 
course from SciUy to St. Michael is S.W. i W. (true), tram &U Mi<Aael*8 to 
SciUyN.B.iB.(*rw.) 

Q. 4. Supposing there to be . • . • points of ... . variation at the first 
named place, what would the coarse be magnetic, — ^the true coarse being • • • 7 

In answering this question merely write down the magnetic course cones- 
ponding to the true course given. 

EocplanatUm : — ^AUow easterly variation to the Uft^ westerly variation to the 
right : — thus, 

True course N.N.E., with 1 point E. var. gives N. by E. magnetic* 

1 point W. var. gives N.E. by N. „ 

True course S.S.E., with 1 point E. var. gives S.E. by S. „ 

1 point W. var. gives S. by E. „ 

True course S.S.W., with 1 point E. var. gives S. by W. „ 

1 point W. var, gives S.W. by S. „ 

True course N.N. W., with 1 point E. var. gives N.W. by N. „ 

' 1 point W. var. gives N. by W. „ 

Note. — From Scilly to St. MichaeVs, the variation at starting being 2 points W., tnie 
oonrse 8.W. \ W, gives eorrfet magnetic W.S.W. \ W. ; but the compass course 
would have to be changed on the voyage, owing to change in the variation, 

Q. 5. How would you measure the distance between those two, or any other 
two places on the chart? 

A, Measure off with a pair of dividers "half the distance between them : 
opposite the middle point, on the graduated meridian, place one leg of the 
dividers, and with the other leg measure upwards and downwards : the number 
of degrees (in miles) between the two extreme points gives the distance nearly. 

iV<iftf.— From Scilly to St. Michael's, half the distance (at 4) is opposite middle latitude 
44° N. ; one point of dividers in this latitude, and the other extended upwards 
reaches Lat. 52° 20^ N., then extended downwards reaches Lat. 34° 2(/ N. ; diffe- 
rence between 52° 2(K and 34° 20' is 18°, which multipUed by 60 gives 1080 miles^ 

Q. 6. Why would you measure it in that particular manner ? 
A, Because the degrees of latitude on Mercator's chart increase in length as 
the latitude increases. 

Q. 7. What do you understand those small numbers to indicate that you 
see placed about the chart ? 

A. Soundings : in fathoms or feet, as specified on the chart. 
Note, — In a comer of charts and plans, these particulars are given in full. 

Q. 8. At what time of the tide ? 
A, Low water ordinary spring tides. 

Q. 9. What are the requisites you should know in order that you mja^ 
compare the depth obtained by your lead-line on board with the depths marked 
on the chart ? 

A, The rise and fall (or range) of tide, and its state as regards low water. 

Note. — The rise of tide at springs and neaps, as well as the range, is given on a chart 
to facilitate' findiivg the height of tide at different hours between high and low 
water, - 

IS 2 
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. Q. 10. What do the Roman numerals indicate that are occasionally seen 
near the coast, and in harbours ? 

A, The time of high water at full and change of the moon. 

jVbto.— It is generally expressed thus— H.W. at F. and C. Vlh. 23m., that is, high water 
at fall and change of the moon occurs at 6 hours. 23 min. 

Q, 11. How would you find the time of high water at any place, the 
Admiralty Tide Tables not being at hand,nor any other special tables available ? 

A: To the time of high water at full and change (by chart) add 48 minutes 
for every day elapsed since full or new moon. 

Or, to the civil time of the moon's meridian passage at place, add the time 
of high water at full and change. 

All the above queetione shmdd he aneweredy hut this does not preclude the 
Examin/sr from putting' any other questions of a practical character, or which the 
local circumstances of the port may require. 



black 

blue 

broken 

brown 

clay 

coarse 



SioNs AJUD Abbreviations used on GHABfrs. 

Quality of Bottom, 

ground grd. red rd, speckled 

hard A. rock r. stiff 

mud m, rotten rat, stones 

ooze oz, sand «. weed 

oysters oys, shells sh, white 

pebbles peb, soft sft. yellow 



blk. 

b. 
brk,0Tbkn, 


coral 
dark 
fine 


orl, 
d. 

/. 


br, 
el. 
c, — eo. 


gray 

gravel 

green 


gy. 

g- 

gn. 



tpk. 

itf 

wd, 

fV.OTWh, 



BUOTS are marked : — ^B. (black) ; Cheq. (chequered); H.S. (horizontal gtripes) ; B. (red) ; 
W. (mhite) ; B.W. (black and white) ; B.B. (black and red) ; R.W. (red and white) ; 
Y.8. (vertical stripes), A green buoy indicates the position of a wreck. 

Lights are indicated by a dot, coloured yeUow with a red spot in the middle ; if there is 
any uncertainty about its character, it is simply marked Lt. ; Lt. F. » light fisBcd; 
Lt. Fl. =: light flashing ; Lt. Int. =< light intermittent; Lt. Bev. ^ light revolving; 
Lt. F. and Fi. s light fiaed and flashing; Fig. Lt. = floating light; Lt. Yes. = 
light vessel; the colour of the light is expressed in full, — as red; bine; green; 
white; red and white ; white, red, and green; when no colour is expressed it is taken 
to be white, 

CUBBENTB are indicated by e^ feathered arrow, and the direction of the arrow shows the 
direction of current. 

Flood tide stream is shown by an arrow feathered on one side; Ebb tide stream by 
unfeathered arrow. 

Bocks just under water are indicated by a small dotted circle with cross in centre ; rocks 
awash or just above water are indicated by dotted circle with a dot or dots in 
centre; a dotted circle with a numeral in it signifies a shoal with the feet or 
fathoms of water over it. Bock, island, or shoal with E.D. signifies existence 
doubtful, P.D. position doubtful though known to exist 

Compass. — If the N. and S. line of the compass is not on or parallel with a meridian, it 
is magnetic, according to the variation in the locality; if it coincides with the 
meridian it is true. 

Fms. = fathoms ; Ft. = foot or feet ; H.W. « high water ; H.W. F. & C. = high water 
at full and change of moon; L.W. = low water; Np. a= neaps; Bt = reef; 
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Ek. "TT rock; Sh. =» shoal; Sp. « springs; Vis, « visible; + Obs. Spot » Place 
where observation was made. Anchorage is indicated by an anchor, and the depth 
is generally close by. 

Soundings are reduced to mean Low Water of ordinary Spring Tides, and are expressed 
in Fathoms and fractions of a fathom, or in Feet and fractions of a foot. 

The Velocity of Tide is expressed in Knots and fractions of a knot. 

A number with a line and dot above signifies no bottom at the depth given, thus y^ = 
no bottom at 123 fathoms. 

All Heights are in feet above High Water ordinary Springs, and where there is no tide, 
above the mean level of the sea. 

The Rise of Tide is measured from the mean Low Water level of ordinary Springs ; the 
Range of Tide from the Low Water of one tide to the High Water of the following 
tide. 

All distances are in Nautical Miles ; a Gable's length is the tenth part of the 
nautical mile. 

A fathom = 6 feet. A nautical mile = 1*1528 statute mile. A statute mile 
=> '8674: nautical mile. 13 nautical miles «=» 15 statute miles, vety 
nearly. 

Soundings on Foreign' Charts. 

Danish and Norwegian Favn 6-176 Eng. Feet = 1-029 Eng. Fath. 

Dutch Vadem 5-675 „ 0*929 

Dutch (recent) EUe 3-281 „ 0647 

French M^tre 3-281 „ 0547 

French (old) Brasse 5329 „ 0*888 

Porh:^ue8e Bra^a 6-004 „ 1-000 

Prussian Faden 6-906 „ 0984 

ILussian, the Bng. Fathom & Foot 

Spanish Metro 3-281 „ 0M7 

Spanish (old) Braza 5492 „ 0915 

Swedish Famn 6848 „ 0974 



THE LEAD LINE. 

BouNDiHO is the operation of trying the depth of the water, and the quality 
of the sea bottom, by means of a plummet {lead) sunk from a ship, 

There are two plummets used for this purpose— the hand-lead and the deep- 
sea lead — ^which are attached, by means of a stop, to a long line called the 

LBAD-LIKB. 

Both leads are cylindrical in form, and tapered, being widest across at the 
bottom end (the heel\ which is hollowed out for the reception of a lump of 
tallow ; this tallow is called the armng, and its purpose is to bring up some of 
the bottom it touches, so that the quality or nature of the ground you strike 
soundings on may be compared with the instructions on the chart or in the 
sailing directions, and the ship's position approximately known thereby. The 
narrow upper end of the lead has a hole in it, through which is rove a gromet 
wcjU served over to keep it from chafing. In the end of the lead-line there is a 
long eye spliced, which is also served over. The eye is rove through the gromet 
and taken over the lead, being thus secured. 
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The Hakd-lsad, of which there are two — one 7 pounds weight, and the other 
• 9 pounds, henee readily thrown bj the hand — ^is used in shallow water, when in 
the Yicinity of land, and for sounding in narrow channels, rivers, and harbours, 
to show how much water the ship is in, as well as the bottom if necessaiy. 

The Hand-lb AD-LIN B, which is usually 25 fathoms in length, is marked at 
every 2 or 3 fathoms, so that the depth of water may be ascertained either in 
the day or night ; it is said to have nine marks and eleven deeps — the latter not 
being indicated by marks ; they are as follows : — 

Fathom Deeps. Fathom Marks. 
1 

2 Leather, with 2 ends. 

3 Leather, with 3 ends. 

4 

6 White ctMco, 

6 

7 Red hvLnting, 

8 

9 

10 Leather, with a hole in it. 

11 

12 

13 'P^ serge. 

14 

15 White calico. 

16 • 

17 Bedhwaiiag, 

18 

19 

20 .Strand, with 2 knots in.it. 

Calico, bunting, and serge are preferred as distinctive marks^ because* a man 
can tell the difference in the dark by the feel. 

The line is always marked from the heel of the lead, and should be well 
stretched before marking. 

Bounding with the hand-lead, which is called taking a east of the lead, as well 
as heaving the lead, the leadsman stands in the chains to windward. Having the 
line all ready to run out, without interruption, he holds it nearly at the distance 
of a fathom from the lead, and having swung the latter backwards and forwards 
three or four times, in order to acquire the greater velocity, he swings it round 
his head, and thence, as far forward as is necessary ; so that, by the lead's sinking 
while the ship advances, the line may be almost perpendicular when it reaches, 
the bottonu The leadsman then makes known the depth of water in a kind of 
song : — ^thuB, if the mark of 5 fathoms is close to the surface of the water, he 
calls, ^^Bif the mark five ;^^ as there are no marks at 4, 6, 8, &c., he estimates 
"tibose numbers, and calls, ^' By the deep faur,*^ &c. ; if he judges it to be a 
quarter or a half more than any particuhu* number, he calls, '' and a quarter 
five," ''and a half four," and so forth: if he conceives the depth to be 
three-quarters more than a particular number, he calls it a quarter less than 
the next, thus at 4} fathoms he calls, '' a quarter less five ;" thus the only 
fractions of a fathom spoken of are a quarter and a half. 

Aote, — ^An up and down cast is the only true one ; and the error in soandings is 
generally in excess. Deep is a corruption of dip, the leadsman having to haul np and 
then dip the lead Une when ascertaining the unmarked fathoms. 

The DREP SEA LEAD is of larger Efize than the hand leadj^ varying from 28 to 
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85 pounds In weight, and is attached to a mdoh longer line, to find hottbm in 100 
or more fathoms. 

The DBBP-sBA LBAi>-LiNB is a strong and water-laid line, marked as the hand 
lead-line to 20 fathoms ; and then a strand with three knots indicates 30, four 
knots 40 fathoms, and so on, with an additional knot for every ten ; tlie 
intermediate fives are marked by small strands with a single knot, or by a piece 
of leather. At 100 fathoms is a piece of banting, and then re-commence the 
knots. To use this lead effectively it is usual to bring-to the ship ; the lead is 
then thrown as far as possible from the ship on the line of her drift, so that, as 
it sinks, the ship drives more perpendicularly over it. There is a suitable reel 
for this line. 

yiote.— To heave the lead properly requires practice, and nerve ; there is a knack and 
sensitiveness to the lead taking the ground which can only be acquired early in life. 

The prmcipal Patents are — Massey's FrictwrUeas Shield Sounder, and 
Walkb&'s Harpoon Sounding Machine. 



THE SEXTANT AND QUADRANT. 

The Sextant derives its name from the extent of its limb, which is the sixth 
part of a circle, or 60^, but being an instrument of double reflexion it is divided 
into 120°. It is used for measuring angles, — as the altitudes of, and distance 
between, heavenly bodies, — as well as angles between terrestrial objects. 

The Quadrant is properly an octant^ as the limb is only the eighth part of a 
circle, or 45°, but, like the sextant, i3eing an instrument of double reflexion, it 
is divided into 90°. 

Both instruments are constructed on the same principles, and have similar 
parts; but the Quadrant is generally the rougher and commoner instrument 
of the two, sufficient however for taking altitudes at sea. From a mechanical 
point, however, both instruments can be made equally accurate and perfect. It 
will be sufficient to describe the Sextants 

Accuracy of the Inetrument, — ^When the joints of the framework are close 
and tight, and the various screws fit closely and act well, — ^when the centering 
is perfect, — ^when the graduation of the limb and the vernier is accurate in every 
part, — when each of the refiectors or mirrors has its two faces parallel, and the glass 
perfectly clear, — and when the shades have clear glasses, the two faces of each 
glass parallel, and the set work with all -their faces parallel, — ^the instrument 
may be considered perfect, as regards the optical and mechanical principles of 
its construction, and without any sensible error, but what the adjusting screws 
can rectify. 

Dbsoriptiok of the Parts or the Sextant. — The form of the Sextant is 
that of the figure, p. 56, and the flat upper surface is the plane of the instrument; 
the following are the principal parts : — 

A A is the Arc (or limb) which is graduated from right to left, from O (the 
zero point) to 120° or 150° ; this is the arc proper y and the subdivisions ar6 by 
10', 15', or 20', according to the size of the instrument. To the right of 0, from 
left to right, there is also a small space of graduation which is called the arc of 
excess. 
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I B T Is the rxdliiB, or Index bar, moveable aiong the an and lotind a centre, 
uid having a dividing scale (called the Vernier) close to the arc, bj which the . 
snbdiviaions of the arc are read off. 

I is the Index Glass, a re&ector which mores with the index-bar, and ia fitted 
on it in sncb manner that its plane is over the centre of motion of the index, and 
perpendicular to the plane of tiie instrument. 

H is the Horizon Glass, one half of which is a reflector, and the other half 
plain to admit of objects being seen through it ; it is fixed perpendicularly to the 
plane of the instrument, and parallel with the index-glass when on the remier 
stands at on the arc. 

e are the index Shades, of coloured glass, to be turned down between the 
index glass and horizon glass, as the sight requires, to moderate the brightness 
of an object. 

« are the horizon Shades, of coloured glass, to be turned up before the open 
part ef the horison glass, when required. 

T is tbe Telescope, to be inserted in the coOar r, which is a donble ring. Also, 
the place of the sight vane. 

K is the Microscope (moveable) for reading the arc and vernier. 

1 ia a Tangent ecrew for giving a amalt motion to the index after it has been 
partially fixed hj a clamping screw, which is at the back. 



Thh AnjDSTUBMTB OF THB Sbxtaht on Quadkant. 
To describe the adjastmenls of one instrument is to deeeribe those of the 
other : — and before either is adapted for use — 

1. The Index-OUes should be perpendicular to the Plane of the Instrument. 

2. The Horizon-Glass should be perpendicular to the Plane of the lustra* 

3. The Horizon-Glsss should be parallel with the Index-Glass, when on the 

Vernier coincides with on the Arc of the Instrument. 
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4. The Lmd of Collimation (or in other words, the Axis of the Telescope) 
should be parallel with the Plane of the Instrament. 

For the first three of these adjustments, together with the method of finding 
the Index Error of the Instrument, it will be sufficient to give answers to the 
questions set in the Board of Trade paper — 

Adjustmbnts of thb Sbxtakt. 

The Applicant for the Yachting Certificate of Competency will answer in 
. writing^ on a sheet of paper which mil be given him hy the Examiner y all the 
following questions^ numbering his answers with the nuniers corresponding to the 
questions. 

Q. 1. What is the first adjustment of the sextant? 

A, To set the index-glass perpendicular to the plane of the sextant, 

Q. 2. How do you make that adjustment? 

A. Bj placing the index near the middle of the arc and looking obliquely 
into the glass to see if the arc and its image are continuous ; if they are not, 
slacken or tighten (as required) the outermost of the three adjusting screws. 

Note, — ^The sextant is to be turned face upwards, and the arc away from you : the image 
is the reflected part, and if it appears lower than the true arc, tighten the 
adjusting screw. The most modern instruments have an adjusting screw at the 
top of the index-glass, and the screws at the back should not be meddled with, 

Q. 3. What is the second adjustment? 

A. To set the horizon-glass perpendicular to the plane of the sextant. 

Q. 4. Describe how you make that adjustment? 

A. Set 0° on the Tender to O^ on the arc; hold the sextant obliquely, 

looking through the horizon-glass to the horizon ; if the horizon and its image 

form one line, the glass is perpendicular ; if not, make them so by the screw at 

the top. 

yate, — Screw in the telescope ;*hold the sextant in a position between horizontal and 
yertical, giving it a slight motion : the reflected horizon should appear neither 
above nor below the real one, when in adjustment. But the swn can also be nsed^ 
by looking directly at it, using the shades ; then if, on moving the- vernier 
backward and forward, the reflected sun does not pass directly over the true sun, 
turn ihQ screw at the top of the glass until it does so pass.. 

Q. 5. What is the third adjustment? 

A, To 6et the horizon-glass parallel to the index-glass, with O^ on the 
vernier set to 0° on the arc. 

Q. 6. How do you make the third adjustment? 

A, By holding the sexant vertically, and looking through the horizon-glass 
to the horizon : if the horizon and its image form one line the horizon-glass is 
parallel to the index-glass, if not make them so by the screw at the bottom. 

ifote. Still use the telescope : the line of the true horizon in the unRilvered part of the 

glass should be perfectly continuous with the reflected horizon : the screw for 
the adjustment is at the back and at the lower part of the glass. 

Q. 7. In the absence of a screw how would you proceed? 
A, Find the index error. 

Q. 8. How would you find the index error by the horizon? 

A. Set O^ on the vernier to 0^ on the Arc, hold the sextant yertically, and 
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look at the horizon throngh the horizon-glass : if the horizon and its image 'ar« 
not in one line, move the tangent screw till they are so : the reading is the error. 

Note, — ^The reading may be on the arc proper, or on the arc ©f excess: it is on the 
latter when O*' on the vernier is to the right of 0° on the IJmb, and the reading 
is then said to be o/^ the arc ; when 0° on the yemier is to the left of O^ on th^ 
limb, the reading is said to be <m the arc. The error is really the difference 
between 0° on the limb and 0° on the vernier. 

Q. 9. How is it to he applied? 

A. To be added if off the arc, to be subtracted if on. 

Nate. — ^If 0° on the vernier falls to the right of 0° on the limb, i.«. off the arc proper 
but on the arc of excess, every measurement wiU be too small, therefore index 
error is additive : if O** on the vernier falls to the left of O** on the limb, ix, on 
the arc proper, every measurement will be too great, therefore the index error is 
subtractive. 

10. Place the index at error of minutes to be added, clamp 

it, and leave it. 

'^OTH.'^The Examiner will see that it is correct; this is a reading off the arOf i.e. on 
tht> are qf excess, 

11. The Examiner will then place the zero of the yemier on the arc, not 
near any of the marked divisions, and the candidate will read it. 

l^OTB. — In aU cases the applicants wiU name or otherwise point out the screws used in 
the various atfjtutments, 

Q. 12. How do you find the index error by the sun? 

A» Hold the sextant vertically, the index being near 80' on the arc ; then 
look at the sun and move the index till the edges of the sun and its image- just 
touch ; take this reading, which is on the arc. Then place the index near 80' 
off the arc, and again make the edges of the sun and its image touch; take this 
reading off the arc : half the difference of the two readings is the index error. 

I^ete,--<TJBe the telescope ; also clamp the limb and use the tangent screw in perfecting 
the contact of the son and its reflected image : take sev^al sights off and on. 

Q. 13. How is the same applied? 

A. Added, if the greater reading is off the arc; subtracted, if the greater 
reading is on the arc. 

J&9.— Aug. 5th, Reading on — 84' Beading on — Sif 

„ off + 29 „ off -f- 33 

2) 6 = diff. 2) 3 = diff. 

On greater than off, Ind. Err. — 2^ 30* Off greater than on^ Ind. Brr. + 1' 30* 

Q. 14. What proof have you that those measurements or angles have been 
taken with tolerable accuracy ? 

A. The sum of the two readings, if correctly taken, divided by 4, should be 
the sun's semi-diameter for the day as given in the Nautical Almanac. 

JSv.— Aug. 5th, Beading on — 34' Beading on — 30^ 

„ off -f- 29 „ off + 33 

4)63 som. 4)63 stun. 

San*8 semid.... 16^ 45' Sun*s semid.... 15' 45 ' 

Naut. Aim. 1880, Aug. 5th, gives Snn^s Semid. 15' 48'; when there is considerable dis- 
crepancy, the admeasurements are erroneous. 
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It remaiiis to explain the fourth, adjustment, which is yery important, since 
all observations shoidd be made with a telescope in the eye-piece — and a little 
practice will soon enable you to use the inverting telescope with facility. 

To adjust the line of ColUmatUm, — Put the telescope in the collar; look 
through it, and turn the telescope until you have two wires parallel with the 
plane of the instrument; select two distant objects — stationary ones if possible, 
otherwise the sun and moon^ or two stars of the first magnitude; their distance 
apart should not be less than 90° : make a contact of the objects as perfect as 
possible on the vrire nearest the plane of the instrument; fix the index to this : 
then move the sextant so that the objects are brought to the other wire, and if 
they are still in contact, the axis of the telescope is parallel with the plane of 
the instrument. If the objects are either apparently separated, or partly cover 
each other, correct half the error by the screws in the double collar ; then bring 
the objects again to the wire next Uie instrument, and. if they' are in contact the 
axis of yision of the telescope is parallel with the plane of the instrument ; if 
not, proceed as at the other wire, and continue till no error remains. 

I have explained the true Quadrant and Sextant, but instruments of the first 
kind are now not unfrequently graduated on the limb to 120°, and of the second 
kind to 150^ or 160° ; this arrangement is managed by fixing the index-glass 
at an angle with the index-bar, and so fixing the horizon-glass that it shall be 
parallel with the index-glass when 0° on the vernier coincides with 0° on the 
limb : you can thus read to the limit of the graduated arc. 

Besides taking altitudes and measuring distances of heavenly bodies, it is of 
the first importance that you should make youreelf familiar with the method of 
taking angles of terrestrial objects; by doing so, and with a good compass 
bearing, you can, when coasting^ plot down your position on a chart with great 
accuracy. 

To Bead the Sbxtant. 

I shall now endeavour to instruct you how to read off the Sextant hy means of 
the vernier; look at an instrument while you read the description ; first, note 
that the starting point of the vernier, on the right, is sometimes 0°, and 
sometimes an arrow head or other device. The limb (arc) of the instrument is 
cut (graduated) to degrees, and parts of a degree; the degrees are indicated at 
intervals by numerals, the intermediate long strokes are also degrees, and the 
shortest divisional strokes are parts (tie. a certain number of minutes) of a 
degree. You will also see long and short strokes on the vernier, — ^the long 
ones are minutes of a degree, and the shorter ones seconds of a minute. Both 
are read from right towaids left. 

If, on the limb, from degree to degree, there are five short strokes, and con- 
sequently six spaces, the sextant is cut to 10', and the short strokes on the 
vernier from minute to minute are each lO'', so that you can measure an angle 
by such an instrument to 10" of arc ; and when you get accustomed to its use 
you can read to half that quantity, viz. 5". 

If, on the limb, from degree to degree, there are three short strokes, and 
consequently four spaces, the sextant is cut to 15', and then the short strokes 
on the vernier from minute to minute are each Id''; and you can measure an 
angle to 15^ 

If, on the limb, from degree to degree, there are two short strokes, and con- 
sequently three spaces, the sextant is cut to 20', and then the short strokes on 
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the Ternior from minute to minute are each 20^^; and yon can measure an angle 
to2(y. 

These are the most common graduations of the sextant. 

We will read the arc or limb to minutes of a degree, and when yon under- 
stand this much, you will soon be able to read to seconds. First, examine well 
the sequence of degrees and minutes. 

I. Take a sextant cut to 10' ; then, on any part of the arc, the iirst short stroke is 
10', the second 20', the third 30', the fourth 40', and the fifth 50' ;— if the O of 
the yemier exactly coincides with a long stroke of the arc, the reading is degrees, 
and no minutes; it may be 10, 14, 20, &c. — any number. Now put O of the 
yemier to coincide exactly with the fifth short stroke to the left of 20^ on the 
arc, and the reading will be 20° 50', since each short stroke of the &ve beyond 
20° represents 10'. Lastly, fix your eye on the space between 42° and 43° ; 
now put O of the yemier to stand somewhere between the third and fourth short 
strokes to the left of 42° ; in the first place the reading will be 42° 30', but it 
must be something more because the yemier indicates minutes between 30' and 
40' ; now look along the line of the yemier and see which minute f^troke on it 
coincides with any stroke on the arc of the sextant ; let us say that it is the 
seyenth minute stroke; then the reading will be 42° 37'. When, after this 
manner, you place the yemier at any part of the instrument and can read off the 
degrees and minutes^ you will soon acquire a knowledge of the seconds, though 
for ordinary practical purposes it is sufficient to read off to the nearest minute. 

II. Take a sextant cut to 15' ; then, on any part of the arc, the first short 
stroke is 15', the second 30', and the third 45' ^ — ^if O of the vernier exactly 
coincides with a long stroke of the arc, the reading is degrees, and no minutes : 
now put of the yemier to coincide with the third short stroke to the left of 
40° on the arc, and the reading will be 40° 45', since each short stroke of the 
three beyond 40° represents 15'. Lastly, look to the strokes between 57° and 
58° ; now put of the yemier to stand somewhere between the first and second 
short stroke to the left of 57° ; in the first place the reading will be 57° 15', but 
it must be something more because the yernier indicates minutes between 15' 
and 30' ; next look along the line of the yernier, and see which minute stroke 
on it coincides with any stroke on the arc of the sextant ; let us say it is the 
eleyenth minute stroke, then the reading will be 57° 15' and 11' to add to it, 
making 57° 26' ; and so on for any other indication, thus, if O of the yernier 
stands between 48° 45' and 49°, let us say on looking along the yemier the ninth 
minute stroke on it coincides with a stroke on the arc, then the reading is 
48« 54'. 

II L Take a sextant cut to 20' ; then, on any part of the arc, the first short 
stroke is 20', and the second 40' : — if on the yemier exactly coincides with a 
long stroke of the arc, the reading is degrees, and no minutes : now put O of 
the yemier to Qpincide with the second short stroke to the left of 41° on the arc, 
and the reading will be 41° 40'. Lastly, look to the strokes between 3t>° and 
37° ; now put O of the yemier to stand somewhere between the first and second 
short stroke to the left of 36° ; in the first place the reading will be 36° 20' and 
something more ; next Lok along the yemier and see which minute stroke on 
it coincides with any stroke on the arc of the sextant ; let us say it is the 
fourteenth stroke, then the reading will be 36° 20' and 14' to add to it, 
making 36° 34'. 
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Tlins far we have been reading on the arc ; next learn to read off, that is, on 
the arc of excess to the right of on the arc : the snbdivisions are the same as 
on the arc, but now you read from left to right ; the vernier is also read in the 
same way ; and on the sextant cut to 10', the 10 of the vernier reads as O, then 
9 will be 1, and 8 will be 2, &c. ; say the O of the vernier stands between the 
third and fourth stroke to the right of O on the arc, and the fourth minute 
stroke of the vernier coincides with a stroke on the arc, then the reading on the 
arc of excess, that is off, will be 36'^ since the fourth stroke is 6 when reckoned 
from the left of the vernier. 

Similarly, for the sextant cut to 15', if O of the vernier stands between the 
second and third stroke to the right of on the arc, and the eighth minute 
strokes of the vernier coincides with a stroke on the arc, then the reading on the 
arc of excess, that is off, will be 37', since the eighth stroke is 7 when reckoned 
from the left of the vernier. 

To OBSBRVB Altitudes at 8ea. 

The altitude of any object is measured by the position of of the vernier, 
when, by reflexion, the object appears to be on the sea horizon: the face of the 
observer is directed towards tiiat part of the horizon immediately under the 
object : the instrument must be held perpendicular to the horizon so that its 
plane produced would pass through the object. 

Take the Sun^s Altitude, — Set the index at ; fix what shades you require ; 
direct the eye through the sight vane and horizon-glass to that part of the 
horizon exactly under the sun ; move the index from you, along the arc, and the 
image of the sun will appear to descend towards the horizon ; when the sun's 
lower limb touches the horizon with accuracy in the centre of the field, stop, and 
read off the the altitude on the arc of the instrument. 

Or having proceeded as just described, and having taken a rough or approxi- 
mate sight, you can clamp the index, screw in the telescope, and use the tangent 
screw to get a more perfect observation. 

For an Altitude of a Star, — In order to be sure yoa have the right star, when 
the index is at O, direct the sight to it, and bring it down gradually to the 
horizon by moving the index from you. 

Both for Sun and Star it may be better to give the insl^oiment a slight 
motion to right and left, to be sure that you have measured a part of a vertical 
circle. 

The meridian altitude will have to be watched for some minutes, and the use 
of the tangent screw is indispensable ; the altitude rises till ^ the meridian, 
seems to stand, and then descends (dips.) 

Ncts.-^l have throaghout spoken of left and right in reference to the reading of the 
instrament as placed l^ore yen on a table ; this, on principle, Ib erroneoas, since the arc 
is graduated from O (zero) through 120° or 150° /rm» its proper ^ft to right. 

The Sextant and similar instruments are constructed on the principle that the 
angle .between the first and last directions of a ray which has suffered two 
reflexions in one plane is equal to twice the inclination of the reflecting surfiues 
to each other. 

The principle on which the Vernier is graduated is as follows: — An arc con- 
taining a certain number of divisions of the limb is equally divided on the vernier 
into one more than on the limb. 



62 SLEHENTART NAVIGATION . 

ThoB, a yernier divided to IS'' is attached to a sextant cat to 15', where there 
are four eqnal parts from degree to degree : take an arc of 59 of those parts 
(14^ 45') from the limb, and when placed on the yernier let it be divided into 
60 eqaaf parts. Each division of the vernier will then be equal to H oi a 
division on thelimb, or 1 division of the limb lesa i^ of a division, which is ^ 
of a minute or 15" (since the value of a division on the limb is 15'). 

Special Adjustmeists of the Hobizoh-Glasb. 

The method of adjusting the horizon-glass differs in different instruments, 
inasmuch as the screws are not invariably fitted in the same way, nor on the 
same parts of the framework of the glass; the various arrangements for the 
purpose therefore require explanation. 

The fixed horizon. — ^The description already ^ven on p. 57, Q^4 and 6, is 
only applicable to what is technically called the Fixed Horizon; it is to be 
found on both wooden and metal framed instruments, and to turn the screws 
there is a small brass pin in the sextant (or quadrant) case, and this fits into a 
hole at the head of each screw. When a small brass band connects the top 
screw to the frame of the horizon-glass, it is said to he fixed with straps. 

The stump and block tvith levery or^ double tangent with vertical screw adjust- 
menty is only found on instruments the frame of which is of wood; both screws are 
fitted on the back of the instrument, below the horizon-glass ; and they are suf- 
ficiently large to be turned by taking the head between the thumb and finger ; 
the vertical screw for the perpendicular adjustment is on the back of the instru- 
ment, directly below the horizon-glass ; while the screw for the parallel adjust- 
ment is nearly under the horizon shades, and is attached to a lever the movement 
of which sets the horizon-glass parallel with the index-glass, when O on the 
vernier coincides with O on the arc. 

On plainer instruments there is no vertical screw, but the perpendicular 
adjustment is made by means of two screws on opposite sides near the base of 
l^e horizon-glass ; these are slackened or tightened as required. 

The stump and block tvith saddle piece and vertical screw adjustment, is only 
found on instruments with metal frames. The vertical screw is directly below 
the horizon-glass on the back of the instrument, and is intended' for the perpen- 
dicular adjustment. For the parallel adjustment there is a saddle piece with 
two opposite small screws parallel with the plane of the instrument; the 
tightening or slackening (as requisite) of one or both of these small screws 
places the horizon-glass parallel with the index-glass, with O on the vernier 
ooindding with O on the arc, 

, The sunng horizon and capped adjustment derives its name from the frame of 
the horizon-glass being attached to two supports by small metal pins, one on 
each side, and from the two adjusting screws being in brass cases (i.e. capped). 
To make the adjustments the caps must be removed from the screws. The 
perpendicular adjustment is made hy means of the large screw, which projects 
from the plane of the instrument at the base of the horizon-glass. The parallel 
adjustment is made by means of the smaller screw on the lower' part of the 
frame of the horizon-glass, in the usual place. The caps are supposed to pro- 
tect the adjusting screws when the horizon-glass has been properly adjusted. 

Avoid, if possible, meddling with the adjusting screws ; if the glasses are in 
their proper position, and tight, find the Index Error, in preference to striving 
for a strictly accurate adjustment of the instrument. 
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TIDES AHD THE TIME OP HIGH WATER. 

When about to enter a tidal harbonr it is often an absolute necessity to know 
the time of high water. The Admiralty Tide Tables are the best source for 
obtaming the required information respecting the time of high water at any 
place,- and very full instructions as to their use are given in ^* Brief Rules in 
Navigation/' pp. 6-8. Next to them stand the Nautical Almanac. 

But the calculation of the true Tidal Hour day by day for any given place is a 
tedious operation, requiring many more elemfints than the time of the moon's 
meridian passage, so that the use of the latter will only give an approximation 
(to half an hour perhaps) at best. 

The Tidal Establishment of the Fort is the time qf the first High Water on' 
the afternoon of the day of f^U and change of the moon. 

A coneiant is the dififereuce in time between the tidal establishment of a 
standard port and that of some other port ; so that knowing the constant and 
also the tidal hour on any day at the standard port, the time of high water at 
the other port is found by adding or snbtractiog the constant. 

The following are the principal Rules for fading the time of high wat^r at 
any place. 

1. By the Mounts Age, — This is a veiy old method, and, at best, only a 
rough estimate ; it may.be in error from one to two hours. 

Rule. — To the epact of the year add the epact of the month, and the day of 
the month ; the result if less than 29 days 13h. is the moon^s age at noon of the 
day; if the result exceeds 29d. 13h., subtract 29d. ISh. for the moon's age. In 
leap years subtract one day in January and February. 

Ncte, — Eyeiy almanac in the present day gives the moon*s age, or at least the time of 
new moon, fro<n which the moon's age can be reckoned, tlierefore the above process is 
unnecessary. 

Multiply the moon's age by 4 and divide the product by 5; the result is tlie 
time of the moofCs meridian passage. 

For the Time of High-Water, — ^To the time of the moon's meridian passage 
add the tidal establishment of the port. 

• If the sum exceeds 12h. 24m., or 24h.48m., it gives, in the former case next 
morning's tide, in the latter case, the afternoon tide of the next day : hence, 
by subtracting, those quantities as required you get the p.m. time of High Water 
for the given day. 



.£^.— Find the time of High Water at 
London Bridge, July 18th, 1880. 

Hoon*8 Age, Nant. Aim. lid. 

4 

6)44 

8h.48m.* 
Establishment 1 68 

In error 82 minutes. 

P.H. 10 66 



PJI. 1 48 



* The minutes are obtained by multi- 
plying the 4 rewutvnder by 60 and dividing 

2. By the Admiralty Tide TahUs-.—see " Brief Rules," p. 6—8. 

These Tables also admit of the finding (approximately) of the time of Iiigh 



JESv.— Find the time of High Water at 
Devonport, August 2nd, 1880, 

Moon*8 Age, Naut Aim. 26d. 

4 

6)104 

20h. 48m. 
Establishment 6 43 



In error nearly l\ hours. 26 81 

24 48 
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water at many foreign ports in addition to those for which the '' constants " are. 
given. 

At the end of the " Tide Tables " are to be fonnd the times of High Water 
at Full and Change of all the chief Ports in the world, and taking Brest as the 
Standard Port, the constant will be the difference between the Establishment of 
the Port (Time of H.W. at F. and C.) at the given place and at Brest (8h. 47m.)y 
which constant is to be used as explained in the '^ Brief Rnles/' p. 6---8. 

3. By the Nautical Almanac^ and the Difference (Constant) of the Tidal 
Establishments, 

In the Nautical Almanac thd Mean l^me of High Water at London Bridge 
is given for every day in the year, on the assumption that the Time of High 
Water on full and change days, or the Establishment of the Forty is Ih. 58m. 
The first high tide which happens after Mean Noon of any day is inserted in 
the 1st. column, and the second in the 2nd. colainn ; the day used being the 
astronomical one. 

Where a line ( — ) is inserted, it indicates that there is only one high tide on 
that astronomical day. Thus, on Jan. 9, 1880, there is only one high tide; it 
occurs at llh. 44m., but the succeeding high tide does not take place until 
20m. after mean noon of Jan. 10. 

The Table which follows the Tidal Table for London Bridge, gives the times of 
High Water on full and change days (reckoned from Apparent noon) at 
numerous places on and near the coast of Great Britain (Naut. Ahn. p. 478-9). 

These are the Tidal Establishment for the given Ports; and the difference 
between any one and the Establishment for London Bridge (which is Ih. 58m.) 
gives a constant^ which is to be applied to the Tidal Hour at London Bridge for 
any given day. 

The constant for the Port is additive if its Tidal Establishment exceeds that 

of London Bridge, otherwise subtractive. 

Ex.—¥iu6. the A.M. and p.m. tides at Port Glasgow, July llth, 1880. 
h. m. h. ZQ. 

London Bridge Bstab. 1 58 London Bridge, July lOd. 16 9 

Port Olasgow „ 18 h. m. 

■- „ llth 4 9 A.M. July lid. 4 27 PJf. 

Ck)n8tant — 1 40 Constant — 1 40 — 1 40 



Port Glasgow, July llth. 2 29 A.M. . . . 247p.1I. 

Jb.— Find the a.m. and p.m. tides at Sunderland, Sept. 25th, 1880. 
h. m. h. m. 

London Bridge Estab. 1 58 London Bridge, Sept. 24d. 17 33 

Sunderland „ 8 22 -t h, m. 

25th 6 33 A.M. 8ept.25th 5 53 P.M. 

Constant + 1 24 Constant + 1 24 + 1 24 



Sunderland, Sept. 26th... 657 A.M. . . . 7^ 17 p.m. 

4- By the Moon^s Meridian Passage and the Establishment of the Port: — Find 
the time of the moon's Mer. Pass, at place, from Naut. Aim. (Green. Mer. 
Pass.), and applying thereto the correction for Long. + if West, but — if 
East (Table XVI., Norie's Epitome) ; to this time apply the correction with 
its proper sigUi from Table p. 65 (entering Table with D's Mer. Pass, at 
side, and D's Semidiam. at top); to the result add the Establishment of 
the Port, for the time of high water on the afternoon of the given day, 
unless such sum exceeds 12h, 24m«, or 24h. 48m., in which case subtract one 
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or oQier of these tibies, as necesaarj, finm it, i^id the remainder kill be the 
approximate time of high vater on the afternoon of the given day. For the 
A.M. tide subtract 34m. from the v.u. tide. 
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— Beqnired the time of High Water at Beikiarik, loeUnd, on Jane IStb, IB80. 

Hoon's Mer. Pass, at Oreenwich E 48 

DaUy Tar. 48m. and Long. 22° W. (Tab. XVI.) + 3 

Her. Pan. at Beikiavik 6 61 

Moon Bentid. 16' 30* and Mer. Faaa., Table - 1 2 



E>tabll»bment ol Port, BeiUnvik . 
Tidal bom at „ 



4 49 



Fig. 7 is intended to expliun the tenuB Spring Rise, Neap Rise, and Neap 
Range as nsed on Charts and in Sailing Directione :— 

o -= Mean Level of High Water Ordinary 
Springs. 

b = Mean Level of High Water Ordinary 
Neaps. 

c = Half Tide or Mean Lerel of the Eca 
both at Springs and Neaps. 

d ^ Mean Level of Low Water Ordinary 
Neaps. 

e —• Mean Level of Low Water Ordinary 



H Spring Biee (or Mean Spring Bange) = 

Then Neap BIse = 

And Neap Bange > 
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Vig. 8 MpreBents the aTerage faU of rise and fall of tide from low water to 
high water, and vice verai. 

Thns, if tJhe total rise be 16 feet one-rixteenth of the 

whole in the lat honr, will give a rise of 1 foot. 
An additional tliTee-flizteentliH in t^e 2nd hour, will be 

3 feet, and the tide will have risen 4 feet. 
An additional fonr-sizteentlie in the 3rd hoar, will be 

i feet, and the tide will have risen 8 feet. 
An additional fonr-sUteentbE in the 4th honr, mil be 

4 feet, and the tide will have risen 12 feet. 
An additional three-Bixteenthg in the 6th hour, will be 

5 feet, and the tide will have risen 15 feet. 

An additional one-sixteenth in the 6th honr, will be 1 foot, and the tide will 

have reached 16 feet, its total rise ; 
Its fall to Ion water wilt be at the aane rate. 

Similarly, if the total rise and fall [>e 12 feet : — 
l-eixteenth in the iBt honr will be 9 inches, 
S-sisteentha in the 2nd honr will be 2 ft. S in. and give the ri^e 3 ft. 
4-Bixteenths in the 3rd hour will be S ft. and give the rise 6ft. 
4-sixt«enths in the 4th hoar will be 3 ft and give the rise 9 ft, 
S-aixteenthBia.tbe 5th honr will be 2ft Sin. and give the riae 11 ft.Sin. 
1-aixteenth in the 6th honr will be 9 in. and give the total rise of 12 ft. 
From high water to low water (he fall will occur in the reverse order, — thns, 
Bncceasivelj tollft Sin., to 9ft., to 6ft., to 3ft, to 9 in., to low water. 

For places given In tiie Admiralty llde Tablea there are special mles for 
finding the depth at different hours, and to these yon can refer. 



NOTES ON THE MAGNETISM OP IRON SHIPS. 

In an iron ship, the hnll and fittings of which consist pari 
and. partly of soft iron, magnetism (more or less intense) is d 
process of hammering while, she is on the stocks. N. polarity 
the part of the ship which is below and towards the North, oi 
the part which is above and towards the South. Thus, an iron 
of the character of a large magnet, affects the compass on vi 
moch aa a magnet would, besides which there is the effect i 
which', from position, becomes more or less magnetic. 

As the Qsnal position of the steering compass is near the stem, it follows 
that if the ship has been bailt head North, that compass is in the part of the 
ship where S. polarity attracts the Nori^ end of the compass-needle strouglj 
to the stem and downwards, the effect of which is a large deviation when the 
ship is on an even beam, besides a large heeling error ; in this case, therefor^ 
it is of importance to have the standard-compass well forward. Near to the 
bow N. pDlaritj repels the North end of the compass-needle. 

In a B^ip built head ISonth the magnetic conditions just mentioned are 
reversed. The N. polarity of the stem repeb the North end of the compass- 
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needle, and the 8. polarity of the bow attracts it. On the whole there i^ 
generally less deviation, and little heeling error in the usnal position of the 
steering compass. The standard compass should also be aft. 

The place of little or no deviation in a ship built head North is towards the 
bow, but in a ship built head South, towards the stem. 

In a ship built head East, or head West, the whole of the lower part has N. 
polarity, and the whole of the upper part S. polarity. But S. polarity pre- 
dominates on the starboard side in a ship built head East, attracting the North 
point of the compass-needle to starboard : and S. polarity predominates on the 
port side in a ship built head West, attracting the North point of the compass- 
needle to port — for compasses on the upper deck. The deviation in both cases 
is rarely large, but less regular than in ships built head South. 

Theoretically there should be no spot of no deviation on the deck of ships 
built East or West. 

From the special magnetic property developed in a ship according to her 
position when building, it follows that for a compass q/2, in the usual place of 
the steering compass, the character of the deviation may be appi;oximately 
represented in a tabular form, as follows:— 

Approximate Magnetic Maximum E. Deviation Maximum W. Deviation 

Direction of Ship*8 Head is found when Ship*8 Head is found when Ship's Head 

while building. by Compass is near by Compass is near 

N. W E. 

N.E N.W S.E. 

E N. ; 8. 

S.E, N.E ' . . . . S.W. 

8 E W. 

S.W S.E N.W, 

W. . . . S N. 

N.W S.W N.E. 

Besides the Deviation that an iron ship has when on an even beam, it is 
subject to be altered in character and amount by the vessel's heeling to starboard 
or port; and the maximum heeling errors are found on northerly and southerly 
coursesy none on east and west courses (by compass). The amount of heeluig 
error would, under ordinary Circumstances, have to be found by heeling in the 
dock or river, or, when at sea, by observing the error for 10^ of heel to starboard 
or port, when on or near ^orth and South by compass. As for the character of 
this deviation (E. or W.) in the northern hemisphere, in the majority of iron 
ships, the North end of the compass needle is drawn to windward (or to the 
weather side), when the binnacles are above the upper deck, and the following 
results would arise from a disregard of this heeling error : — 

<'If the ship be kept steady on one oompass course, she will be fonnd to 
windward of her snpposed position when on northerly courses, and to leeward 
on southerly courses. If she be steered steadily for a fixed point on the horizon, 
she will appear to fall off as she heels on northerly courses, and to come up on 
Boutheriy courses." Therefore, as a general rule, it should be borne in mind 
'' that in steering by compass and wishing to make a straight course, we must 
keep away, by compass, on either tack, as the ship heels, jrhen on northerly 
courses; and keep closer to the wind, by compass on eiliher tack, when on 
Boatherly courses." Captain F. J. Evans, R N., F.R-S. 

F 2 
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Every seaman will apprehend this phiin language ; but to. express the heelmff 
deviation in terms of the deviation when upright, the following are the results : — 

On Northerly Courses, — 

Starboard tack, — E. dev. is increased, W. dev. is decreased. 

Port tack, — W. dfev. is increased, E. dev. is decreased. 
On Southerly Courses, — 

Starboard tack, — W. dev. is increased, E. dev. is decreased. 

Port tack, — E. dev. is increased, W. dev. is decreased. 
And it can easily be understood that when the upright deviation is small in 

amount and decreases from heeling, it may go to the extent of being 

reversed in name. 
Observe further that there is a correspondence between the starboard tack on 

Northerly courses and the port tack on Southerly courses ; also between 

the port tack on Northerly courses and the starboard tack on Southerly 

courses. 

In the few cases in which the North end of the compass needle is drawn to 
leeward, the rule above is of course reversed, . 

Ships which have a large heeling error to windward in northern latitudes will 
probably have a large heeling error to leeward in high southern latitudes. 

It has been said that the majority of iron ships has the North end of the 
needle drawn to the weather side. This is strictly true: for only ships built 
with the head between S.W. and S.E. (8 points) may haVe the heeling error 
either to leeward or to windward in N. latitudes — and in either case small in 
amount — ^but probably a considerable heeling error to leeward in S. latitudes : 
ships built with the head in any other direction, i.e., between S.W. and S.E. by 
way of North, will have the heeling error to windward in N. latitudes — ^but 
developed most largely when built, head between N.W. and N.E, 

Observe further that— 

1. If, on changing tack, the course is changed from Northerly to Southerly, 

or from Southerly to Northerly, the heeling error does not change its 
name. ^ 

2. If, on changing tack, the course still remains Northerly, or still remains 

Southerly, the heeling error changes its name ; also 
8. If, without tacking, by a change of wind the course changes from Northerly 
to Southerly, or from Southerly to Northerly, the heeling error changes 
its name. 

These observations do not apply to the amount of heeltng error, ?rhich of 
oourse depends on the amount of heel. 

The Error of the Compass is what you require to set you right in your 
courses, and this error is the Variation and Deviation combined. You want 
(i) a compass bearing of a celestial object, and (2) its true bearing. The 
d fiference between the two bearings is the Error of the Compass^ 

Your true bearing may be obtained by an Amplitude {Brief EuUs p. 8) or an 
Azimuth (Brief Rules p. 10-11) ; but a Time- Azimuth is superior to an 
Alt-Azimuth because there are Tables by which you can get the True Bearing 
of a Celestial Object at any moment, sun by day, stars by night, without 
calculation. 

If you remain north of Lat. 30° Burdwood's Sun^s True Bearings^ will be 
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safficient ; if jou ^ross the tropics, yon mast supplement them bj Davis' ; 
Labrossb's AzirmUh Tables embrace all latitudes from 60^ N. to 60° 8. ; while* 
Qodfraj's Time-Azimuth Chart is equal to any of the others. You are walking 
the deck and wish to know if you are making the true or correct magnetic course 
you expect : you take a bearing (by compass) of the sun or of a star ; note it ; 
you refer to your Time-Azimutii Tables or Chart for the true bearing, and the 
difference between the true and compass bearings is the Error of Compass, 
You can do all this in less than three minutes. 

Also twice a day, at sunrise and sunset, you can find the True Aniplitude 
(bearing) of the sun without computing it, viz., from Table XLII. (of Norib's 
Epitome). Thus, you are in Lat. 55*^ N., on May 7th or August 4th when the 
Sun's Declination is 17° N. ; enter the table with the Dec. at the top and opposite' 
the Lat. you find 30° 89' ; thus the sun's true bearing at rising is E. 30° 39' N., 
and at setting W. 30° 39' N. ; also, on June 20th when Sun's Dec. is 23^° N., 
if you are in Lat. 52^ N., the sun's amplitude at rising is E. 40° N. by the same 
table ; or if in Lat. 49° N. on Oct. 18th-19th when Sun's Dec. is 10° S., the 
amplitude at setting is W. 15° S., and so forth; the rule for naming you will find 
in Brief Rules p. 8. Observe the amplitude by compass thus ; when risings note the 
sun's bearing when he just appears aboye the horizon, then when half of him' 
is seen, and lastly when his lower limb is on the horizon ; the mean of the 
readings will be his compass bearing at rising : similarly, at setting note the 
bearing when the lower limb is on the hQrison, then when he has half disappeared, 
and again as the upper limb is just seen, and take the mean for the setting 
amplitude. 

Haying found the Error of the Compass as shown in Brief Rules p. 8 or 11, 
it is generally judicious to eliminate the Deviation on the direction of the ship's 
head, for comparison with subsequent observations : — the rule is given in 
Brief Rules p. 8 and 11, to which you can refer : but perhaps a diagram will 
make it clearer : Let N. be the north point ; Y. the variation at the locality, 
got from chart ; and e the Error of the Compass : — ^then, 

Y a N If Yar. is W. place it to left of N., and if e is less than Yar. place 

• • • it between N. and Y, ; the Dev. is E. being to right of Y. ; in amount 

it is also the difference between Y. and 6. 

JB'a^.'SteeTing by Compass E.N.B. ; Eiror of Compass 4° W. ; Yar. 21° W. ; then, Dey« 
18 17° E. on B.N.E. 

e Y N If Yar. is W. place it to left of N., and if e is greater than Yar. 

• • • place it beyond Y. ; the Dev. is W. being to left of Y. ; in amount 

it is also the difference between Y. and e, 

JgSr.— Steering by Compass S.W. ; Error of Compass 40° W. ; Var *22° W. ; then, Dev. is 
18° W. on S.W. 

K e Y If Yar. is E. place it to right of N., and if e is less than Y. place it 

• • • between N. and Y. ; the Dev. is W. being to left of Y. ; and also, 

in amount, the difference between Y. and e, 

-Efc.— Steering by Compass N.N.W. ; Error of Compass 11° E. ; Var. 20° E. ; then Dev. 
is 9° W. on N.N.W. 

N Y « If Yar. is E. place it to right of N., and if e is greater than Y. place 

• • ' it to right of Y. ; the Dev. is E. being to right of Y. ; and also, in 

amount, the difference between Y. and e, 

J^.— Steering by Compass K.H.E. ; Error of Compass 20° E.; Yar, 7° E.; then, Dev. is 
13° E. on N.N.E. 



70 KLBMSNTABT NAVIGATION 

«• N V If Var. is E., and e West, the Dev.is W. fieing to left of " V.; and: 

* • • • the amount of Dev. is the sum of V. and e, 

JES».— -Steering by Compass S.S.W. ; Error of Compass 8** W. ; Var. 8° B.; then Dev. Is 
16° W. on S.S.W. 

V N tf If Var. is W., and e East, the Dev. is E. being to right of V. ; and* 

* * * the amount of Dev. is the sum of Y. and e, 

* ^«.— Steering by Compass B. by N. ; Error of Compass 2° E. ; Var. 12° W. ; then Dev, 
isl4°B. on.E. byN. 

V If Var. is 0°, then V. coincides with N., and e is the Dev. ; E. when. 
€ N € to right of N. ; W.^hen to left of N. ; and the amount of Dev. is 
• • • the amount of. e, 

.JEfe. — Steering by Compass W. by 8. ; Error of Compass 11° "W. ; Var. 0; then- Dev. is 
11° W.onW.byb. 

, J^ar.—Steerin^ by Compass East; Error of Compass 10° E.; Var. 0; then Dev. is 10° E. 
on East. 

e If Error is 0°, then e coincides with N., and the Variation is the 

V N V Dev. ; E. when Variation is W., but W. when Variation is E. ; and 
•• • • the amount of Dev. is the amount of V, 

Ex. — ^Steering by Compass N.E.; Error of Compass 0; Var. 20° W.; then Dev. is 
20° E on N.B. 

^.—'Steering by Compass S. by E. ; Error of Compass ; Var. 14° E. ; then Dev. is 
14° W. on S. by B. 

Thus, you will see that the Deviation is, in every case, Easterly when the- 
Error of 'Compass is to right of the Variation, Westerly when to left of it. 

In the examples which illustrate the Rules I have purposely inserted ^' Steering' 
l^ Compass," that is the .direction of the ship's head, to impress on you that 
the Deviation is due to that particular direction (Compass Course), and to no 
o^er ; also, the Error of the Compass appertains only to the locality where the 
observation is made, being the joint effect of Deviation and Variation. 

The following notes on the compass will be of service to you :•; — 

1. The calrd, especially that of the azimuth compass, should not exceed ' 8 'in', 
diameter, and it should be clearly and accurately divided ; — ^the azimuth compass 
to degrees. . 

2. There should be at least two needles of great directive powa* on the card, ' 
fixed on their edges parallel to eadi other, and ezistctly coinciding with the direc*^ 
tion of the N. and S. line. ... 

3. The point of suspension of tha card should be in the centre of the circum* 
fer^nce of th^.bowl, and in the horizontal line with the axis of the gimbals; this 
is essential to steadiness; you do not want weight for steadiness, in fact the- 
compass Qard should be lis light as possible. 

4. Whether yon have a spare card or not, you should have one spare cap; the 
stone should be a harder one than ^ an agate ; the pivot should be hard, well tem- 
pered fiteel, sharp pointed (yet not like a needl^), and perfectly smooth. Occa- 
sionally examine the cap and pivot ; a cracked or worn stone, or a blunt pivot, 
will produce irregularity in the action of the compass, and lead you to infer that 
the deviation is constantly changing. A blunted pivot can be sharpened en a 
hone, but use water, not oil. 

5. The lubber's line should be exactly in the midship line. 

6* Tour azimuth compass should be at a hejght to command i^ clear riew all 
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tonnd; its position shonld not be within 10 feet of any Terticsl iron; and the 
sight yanes should tnm freelj, without disturbing the bowl, or jerking the card. 
7. The steering compass should be as far as possible from the stem post and 
rudder head, and if you occasionally substitute a tiller for the wheel, it must be 
of wood, not iron. 

. 8. A spirit oompase^ if properly eonstructedi should be as accurate in its indi- 
cations as any other compass. 

9. If your yessel is a new one, she will lose a large part of her magnetism 
very quickly, so that though you may have a table of the deviations, you must 
make frequent obsenrations (amplitudes, azimuths, and shore bearings when 
near land) to ascertain the error of the compass. 

10. If your vessel has been laid up for several months, before you again go to 
sea it would be judicious to lay her in the opposite direction for ten days or a 
fortnight, and especially if you intend to swing for the deviation. 

• . « 
Thb vollowino is thb Papbb on thb Dbviatiov of tbb Compass set at 

THE Board of Tbadb Examinatioh» 

* * 

The candidate for the Yachting Cert^fidaie is to answet corredtly at least eight of 
such of the following questions as are marked vfith a cross by the Exafniner. The 
Examiner will not mark less than 12 .* — 

1. What do you mean by Deviation of the Compass ? 

2. How do you determine the deviation (a) when in port, (apd 5) when at sea ? 

3. Having determined the deviation with the ship*s head on the various poiiits 

of the Compass, how do you know when it is Easterly and when Westerly ? 

4. Why is it necessary, in order to ascertdn the deviations, to briog the ship's 

head in more than one direction ? 

5. For accuracy, what is the least number of points to which the ship's head 

should be brought ? 

6. How would you find the deviation when sailing along a well-known coast? 

7. In the following table give the correct magnetic bearing of the distant object, 

and thence the deviation. 



Ship*8 Head 

by Standard 

Campaa. 


Bearlngof 

distant object 

IQrStandazd 

Oompaas. 


Deriatiaii 
required. 


flhIi/sHead' 

by Standard 

Compaas. 


Bearing of 
distant object 

Oompaas. 


Deviation 
required. 


North 
N.B. 
East 
&E. 






Sonth 
S.W. 

West 

N.W. 







8. With the deviation as above, give the courses you would steer by the 

Standard Compass to make the following courses, correct magnetic : — . . 

9. Supposing you haye steered the following courses by the Standard Compass, 

mid the correct magnetic courses, made from the above deviation table :— 

10. Ton have taken the following bearings of two dbtant objects by your Stan- 

dard Compass as above ; with the ship's head at ••••••« • find 

the bearings, correct magnetic. 
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11: Name abtae bnitable objects bf which 70a coald readilf obtdo the derialitMi 
of the Oprnpou when SAiliag tloag the ooasts of the EagVuh ChaoaeL 

12. Do ^D expect the deriation to cbaoge ? if ho, state under what circnm- 
BtanceB ? 

13. How oftep is it advisable to teat the aoonrocjr of y<mx table of dBTiationa ? 

14. State bnefl^ what yon have chiefly to guard against in selecting a position 
for the GoDipaaa. 

15. The CompsBBaa of iron ships are more or lees afEected by what is ternied the 
healing error ; on what contsea does this error vanish, and on what courses 
ia it the greatest ? 

16. State to which side of the ship, in the majority of oases, is the North point 
of the Compass drawn in the Northem hemisphere ; and what effect has it 
on the assumed positiiHi of the ship when she is steering on Northerly, and 
also on Southerly oouraea 7 

17. ^e eSect being as yon state, on what courses would you keep away, and on 

what courses would you keep closer to the wind, in order to make good ft 
given Compass pourse ? 

18. Does the same rule l^old good in both hemispheres with regard to the heeling 

error? 

19. Tear steering Compass having a large error, how would you proceed to 
correct that Compass by compensating magnets and soft iron, in order to 
reduce the error within manageable limits ? 

Bdt BoasEB's " Deoiatioa of th* Compaii in Iron 8hip» comidend PracikaUy" 



THE ARTIFICIAL HORIZON. 

For the purpose of taking altitudes on shore, where yoa can have no each 

defined horizon as at sea, any refitctor whose tur/aee is perfectly level may be 
dsed. Bat what is generally termed an artificial horizon is a troagh of mercury 
covered with a roof of glass, tbejnoaterials for which are sold packed together 
in a small case («m Jiguree\ fte mercury is held in a small wooden bottle ; 



when intending to use this horizon, tiie mennuj ie ponred into the trongh, 
which is then placed under the glass roof, »f » «otivepient spot for taking 
the altitude, whether of the sun, or of any terrestrial object ; you most be in the 
direct line of the object md artificial bori^n, when yon see the reflection of the 
object m the latter, and take the altitude by bringing down. the object with 
your sextant to the reflection, 

The.a^gle of incideaee. at which a ray of light strikes a stirface being equal 
to the angle at which the body is reflected, it fijllows that the altitude takon-in 
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'an Briiflcial hbiiaoB m doable ibat measured above the senBible botiaoa ; oonse* 
quentlj when tbe $ngle has been observed* you apply to it the index error of the 
instrument, and then, half the angle is the altitude. 

For a meridian altitude be sure the horizon is placed in the true meridian. 

Far the Sun^e Altitude, the corrections required are — ^refraction in altitude, 
semidiameter, and parallax in altitude, to be applied in the usual way, to get 
the true altitude. 

Observations by means of the artificial horizon should be made at a spot as 
sheltered from wind, and as quiet, as possible. The mercury should be clean 
and pure ; and for a clear brilliant surface, before pouring the mercury from the 
bottle, '^ place the finger over the orifice, and give the bottle a shake in an 
inverted position, holding it over the trough previously cleaned : ease the finger, 
and allow the mercury to flow gently, keeping the bottle inverted, and taUng' 
care to stop the opening of the bottle before the last portion with the dross 
flows." 



COURSE AND DISTANCE BY MERCATOR'S SAILING. 

Knowing the place of your ship, if you wish to compute the Course and. 
Distance by Mercator's SaUing to your port of destination, you will find the 
method fully explained in " Brief Rules," p. 6. 



TERMS IN NAVIGATION ahd NAUTICAL ASTRONOMY. 

All Candidate f presenting themaelvee for Examination for the Yachting 
Certificate will he required to give short definitions of so many, of the terms 
contained in the follomng Ust as may he marked with a cross hy the Examiner. 
The Examiner will not mark less than ten. 

Brief Definitions with Notes. 

1. ThQ Equator.— The great cirde of the earth midway between the two 
poles, and 90^ from each. 

. Note, — The Equinoctial is the great circle of the he^yens whose plane coincides with 
that of the equator. 

2. Tlie Poles.— The two points in which the axis of the earth meets the 
Snrfaoe. 

Nate, — ^The Axis of the earth is that diameter around which it leyolyes. 

8. A Meridian. — A great cirole passing tfaxoogh both the poles,, and 
perpendicular to the equator. 

4. Tlie Ecliptic — ^The great circle in the heavens that the son appears 

to describe in a year ; it is the earth's real path. 

Nate.^ThQ Obliquity of thb Ecliptic is the angle (83^ 27i0 at which the ecliptic ' 
is inclined to the equinoctial. 

5. The Tropios. — ^Two small circles 23^^ on each side of the equator. 

6. Latitude. — ^The arc of a meridian between the equator and any given 
place, reckoned N. and-S. to 90^. 

jVottf.— The Latitudb of a place is equal to the eleyation of the pole. 

7. Parallels of Latitude.— Small' orbles parallel to the equator. 
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' S. Longritude- — The arc o^ the equator between the meridian of a fixel 
Btation and that passing through a place, reckoned E. and W. to 180^. 

9. The Visible horizon. — ^The farthest extent of the obsenrer's view 
on the earth or sea. 

10. The Sensible Horizon. — ^The circle which bounds the horizontal 

plane extending from where the observer stands. 

yate, — ^ThiB horizontal plane extending from the earth's surface is porpendicalar to the 
vertical line passing throagh the observer's senith and nadir. 

11. The Rational Horizon. — ^The great circle whose plane is parallel 
to the sensible horizon but passes throagh the centre of the earth. 

12. Artificial Horizon and its nse.— Any reflector whose 

sarface is perfectly level is an artificial horizon : its use is to take altitudes on 
shore. 

13. True Course of a Ship.— The angle that a ship's track makes 
with the true meridian. 

14. Magnietio Course. — The angle that a ship's track makes with the 
magnetic meridian. . 

15. ' Compass Course. — ^The angle that a ship's track makes with. the 
north and south line of the compass. 

16. VariatiOll of the Compass.— The angle between the magnetic 
and true meridians. 

17. Deviation of the Compass.— The angle through which the 
compass needle is deflected from the magnetic meridian. 

18. The Error of the Compass.— The angle through which the 
compass needle is deflected from the true meridian. 

19. Leeway* — ^The angle whjch the ship's keel makes with her actual path 
through the water. 

20. Meridian Altitude of a Celestial OMeot.— The angular 

height of the object above the horizon when the circle of altitude coincides with 
the meridian. 

21. Azimuth. — ^The arc of the horizon between the N. or 8. point and 
the circle of altitude passing through a celestial body. 

22. Amplitude. — ^The arc of the horizon between an object at rising and 
the E. point, and the object at setting and the W. point. 

28. Declination. — The arc of a celestial meridian between the equator, 
and the object. 

24. Polar Distanoe.- The angular distance of an object from the ele- 
vated pole. 
Ji4fte. — The Elkvatbd Polb is ihe pole of the observer's hemisphere. 

25 Right Asoension.— The arc of the equator between the First Point 
of Aries and the celestial meridian of a bodj. 

yifte,— The FiBBT PoiiTT OF Abibs is the crossing point of the ecliptic and eqainoctial,- 
whm the sun passes from South to the North of the equinoctial 

26. Dip or Depression of the Horizon.— The angle between the 
visible and sensible horizons, depending on height of eye. 

27. Reflraotion. — ^The bending of the rajs of light due to passing through 
an atmospherd of increasing density. 
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28. Parallax.— The angle under which a line drawn from £h'e ob^eryer to 
the centre of the Earth would appear at a celestial bodj. 

29. Semldiailieter. — The angle at the centre of the earth subtended by 
the radins of a celestial body. . 

80. AugrmentatioxL of the Moon's Semidiameter.— A correc- 
tion due to decreasing distance as the Moon's altitude increi^ses. 

31. Observed Altitude«^ — The angular height of an object as measured 
bj an instrument. 

32. Apparent Altitude. — ^The angular height of a celestial object's 

centre above the sensible horizon. 

Mte, — ^l^e obflerved altitude corrected for Index error (if any), semi-diameter (if any), 
and dip, gives the apparent altitude. 

33. True Altitude. — The angular height of a celestial object's centra 

sboYO the rational or true ho^on. 

Note, — The apparent altitude corrected for refraction, and parallax (if any), gives the 
true altitude. 

34. Zenitb DiStanoe.— The angular distance of an object from the 

zenith of an observer. 

Note. — The Zenith is the point above the observer's head, and the upper pole of his 
horizon : the Nadir is the point beneath his feet, and the lower pole of his horizon. 

35. Vertical Circles. — Great circles passing thrQugk the zenith and 
nadir, perpendicular to the horizon. 

36. The Prime Vertical. — A great circle passing through the zenith 
and nadir, cutting the horizon in the E. and W. points. 

37. Civil Time. — The reckoning of every day life: the day begins at 
midnight and ends at the following midnight. 

38. Astronomical Time. — The method of reckoning adopted in astro- 
nomical calculations : the day extends from noon to noon. . 

39. Sidereal Time. — ^The westerly hour angle of the First Point of 
Aries. 

JV0t0.— The Sidereal Time at a place is also the Biqht Asobnsion of the Meridian, 
that is, the angle at the pole between the meridian of the observer and the meridian 
paasing through the First Point of Aries. 

40. Mean* Time. — The westerly hour angle of the Mean Sun. 

Note. — The Mean Sun is an imaginary sun conceived to moTC uniformly in the equator 
with the real sun's mean motion in right ascension. 

41. Apparent Time. — The. westerly hour angle of the True Sun. 

42. Equation of Time. — The difference between apparent and mean, 
time. 

43. Hour Angle of a Celestial Objeoty-rThe angle at the pole 

between the celestial meridian and the hour circle passing through the object. 

. 44. Complement of an Aro or Angle.— What it wants of 90°. 
45. Supplement of an Aro or Angle,— What it wants of 180«. 



LATITUDE BY tHE MERIDIAN ALTITUDE. 

The best and most simple niethod of finding the Latitude of your ship at 
Bca is from an obseryed altitude of the Sun or of a Fixed Star when on ther 
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tnmdian.' Afteor 70a hard acquired gfood ^omintod of tbe sextant, with a well 
defined horizon and in. moderate weather, your error should not exceed froni 
1' to 2\ With a good sun, use shades that give a well defined limh, the face 
distinctly yisible, clear and bright, but without any glare. 

By tbjQ SnZL — It is near, but rarefy exactfyj noon when the snn'A 
meridian altitude is observed, because, if approaching him, you continue to raise 
the altitude after he has actually dipped and passed the meridian, henee it may 
be from 1 to 8 or 4 minutes past noon (p.m.) ; on the same principle, when 
receding from the sun he appears to dip before he comes to the meridian^ and 
the sight may be obserred a minute or more before noon (a.m.) y 

The method of deducing the Latitude from a meridian altitude of the Sun 
as required at the Examination is given in full in '* Brief Rules " p. 5, and for 
correcting the Declination use '' Method 8 of p. 15/' 

Remember that the observed altitude may be too high or too low according' 
to the error of your instrument ; it will be too high owing to the height of 
the eye above the sea level which gives too great an ' extension to the 
horizon, hence the correction for dip is subtractive; refraction raises the. 
altitude, and therefore the refraction in altitude is subtractive ; while the effect 
of parallax is to depress, hence the parallax in altitude is additive, {See Brief 
Rules p. 16.) 

At sea you will adopt a shorter method of finding the Latitude than that 
required at the Examination ; but there is no necessity to guess or estimate 
corrections when you have in your "Epitome," Tab. IX. far the correction of 
the altitude, and Tab. XXI. for the correction of the declination ; both correc- 
tions are taken out by Inspection and without any trouble, but pay strict 
attention to the precepts at the head of the Tables. I have worked two 
examples to show how close the short method comes to the rigorous one. 

Hob, — 1880, April 2nd ; in Long. 20° E. ; the observed meridian altitude of the sun's 
lower hmb being eO° 22r bearing South; error of sextant 2* 48' to add ; height of 
eye 16 feet : find the Latitude. 

Long. 20° = Ih. 20m. =3 1 -Sh. 



Var.in Ih, = 67'- 49 

1-3 



Obs. Alt 60° 22^ (f S. 
Ind. Brr. + 2 48 



8h4)rt Sea Method, 

Dec(N.A.) 6° 11' 15* N. 
CJor.T.XXI. - 1 22 



17247 
5749 

6^0)7v4-737 

- V 14* -7 
Deo..(N.A.)5 11 16 -2 N. 



60 24 48 
Bip. T. V. - 8 42 



5 9 47 N. 



60 21 6 
Bef.T.IV. - 83 



60 20 S3 
Semid.(N.A.)+ 16 2 
Cor. Dec 6 10 0-6 N. Par. T. VL + » 



Obs. Alt. 60° 22' 
Ind. Err. + 2*8 
Cor. T. IX. + 11-7 



Sau*8 True Alt 60 36 44 S. 

90 



True Alt 60 36*6 S. 
90 



Examination Method, 



Zen. Dist 29 28 16 N. 
Dec. 6 10 IN. 



Zen. Dist. 29 23-5 N. 
Cor. Dec. 6 9 -8 N. 



Latitude 34 33-2 N. 



Latitude 34 .33 17 N. 



FOR YOUKG SEAMEN AND YACHfTSMEN. 
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JSiv.— 1880, Oct 10th ; in Lon^^. IS"" 16' W. ; tiie observed meridisn ftltftode o! tile 8iiii*8 
lower limb being 26° 58' bearing South ; error of sextant 2' 40* to Bubtract ; height 
bf eje 14 feet ; find the latitude. 



Longr IS^' 16' W. » Ih. 13m. » l*2h. 



Var.inlh. « 66'- 76 

1-2 



Oba. Alt. 2«*»63' 0*8. 
Ind. Err. — 2 40 



/^&rt Sea Method, 

Dec. (N. A.) 6** 63' 39* 8* 
Cor. T. ZXL +18 



6\0)6^-ino 

-f 1' 8'-l 
Dec.(N.A.) 6 63 3d -6 8. 

Cor. Dec. 6 54 46 -7 8. 



26 50 20 
Dip T. V. - 3 36 

26 46 44 
Kef. T. IV. — 1 52 



Cor. Dec. 



6 64 47 8. 



Obfi. Alt 26'' 63' 8* 
Ind. Err, — 2-7 



26 44 52 
Semid. (N.A.) + 16 4 
Par. T. VL -f 8 



26 60 3 
Cor. T. IX. + 10 6 



True Alt. 27 0*9 8. 
90 



Exainmation Metliod, 



True Alt 



27 
90 



1 4 8, 



Zen. Dist 62 69 1 N. 
Cor. Deo# 6 64 -8 8, 



Zon. Dist. 62 68 56 N. 
Deo. 6 64 47 8. 



Latitude 66 4 -8 N. 



Latitude 56 4 9 N. 



■ 

By. a Fixed Star. — Leam to know tbe stars ; it yeij often happens 
that when the Sun has not been visible all day, it brightens a little and for a 
short time towards evening ; then, jast at twilight, when the horizon is strongly 
marked, a good meridian altitnde of a star may be taken. 

The method of finding the latitude is given in *' Brief Rules ^ p. 12-18. 

Bt thb PoLfl Star. — Tarn to the end of your Nautical Almanac and you 
will find a sufficiently definite Rule for finding your Latitude at amy time when 
the Pole Star is visible. This star is on the meridian twice in 24 hours, 
but it is a matter of no consequence whether it is on or off the meridian, if you 
follow the rule. The star performs a revolution round the pole, from which he 
is distant 1^^, and therefore not near enough to the pole to give the Latitude 
unless the necessary corrections have been applied to the observed altitude* 



LONGITUDE BY CHRONOMETER ahi> SUN'S ALTITUDE. 

Ample instruetions will be found in '* Brief Rules " pp 9-10 for working this 
problem as required at the Examination, but some remarks are here necessary, 
because the/orm of example is not that which will present itself to you at sea. 

Your Longitude is the difference between mean time at Greenwich and mean 
time at ship : the chronometer corrected for error and rate is supposed to give 
the first, and the sun's altitude the latter. * * 

The Chrokoheter is a time-keeper of very superior construction, but it very 
rarely happens that it has been so accurately compensated that it is'equally 
regular in its rate in all climates ; hence you ought not to place perfect reUance 
on it unless you have a rate for varying temperatures. The chronometer is put 
on board with a certificate ■ of its error and daily rate^ — ^the latter being how 
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much it gains or loses per daj. You can .ttnd^rstand that if its (original^ error 
was slcfWf jon add that error to the time by Chron., if it was fast, you subtract 
it : again, if the daily rate is 3s., and 43 days have elapsed since the rate was 
given, then 43 x 3 »» 129s. «=: 2m. 9s. is the accumulated rate, to be added if the 
rate is a losing one, to be subtracted if a gaining one : you should not forget to 
allow a proportionate part of the rate for the hours shown by Chron. Having 
the Green. Date and Time by Chron., correct the Sun's Declination, and the 
Equation of Tim^ (from the Nautical Almanac) for that Date, aind proceed 
as instructed in " Brief Rules " p. 9-10. 

As regards the Altitudes, a setx)f three at least should be taken, and the 
Chron. read at each instant ; thus, you take the Alt., and the assistant is care- 
fully noting the Chron, second by second ; when you have a good Alt., yon say 
'* stop " ; you note the Alt. and the assistant gives the corresponding time by 
Chron. ; and -so on for three or five ; the mean of three or five such readings is 
taken to be the observed altitude and the corresponding time by chronomenter. 

The best altitudes are those on the prime vertical {true E: or W.), because a 
considerable erroi* in the latitude does not then affect the hour angle : but 
when the sun is in the opposite hemisphere he can never reach the prime vertical, 
so you must take the Alt. as low as possible without being too low, because low 
altitudes are affected by refraction to an unknown extent alike in hot and cold 
weather. As a rule, avoid altitudes lower than 12° to 14°; for a good sight, 
if the sun is not on the prime vertical, his motion should not be less than 6' of 
alt. in one minute of time. If the morning has been too cloudy for an observan 
tion, do not neglect to try for one in the afternoon. 

Tab. XLV. of Norie's Epitome will show you the best time for observing, 
when the Lat. and Dec. have the same name; if- it is A.M. you deduct the time 
given in the table from 12 hours : thus with Dec. 18° N. in Lat. 50° N., the 
time to observe is 7h. 3m. A.M. (i.e. 12h. less 4h. 57m.), and 4h. 57m. P.M. 

Note. — No chronometer shows on its face more than 12 hours, but it is 
necessary to express what it shows in Greenwich astronomical time — for the 
purpose of making the corrections, and for finding the longitude. The ship time 
at A.M., expressed astronomically, will be the indication of the ship's watch 
plus 12h., — putting the civil date one day back. 

To know whether the Chronometer shows A.M, or P,M, at Oreenwick ; write 
down the astronomical day at ship and the approximate time by common watch 
{plus 12h. if A.M.) ; under it write the Long, in time (p. 8) ; add the latter if 
west, subtract it if east, for the Gi*een. Astronomical Date and Time. Thuf 



April Hth at 8h. lOm. A.M. ciYil time, in Long. 30^ W.; the Astron. Date at ship will 
be April 13d. 20h. 10m., and the Green. Date April Idd. 22h. lOm., therefore if the Chron. 
shows lOh. 2m., you will call it April 13d. 22h. 2m. 

April I6th at 4h. 10m. P.M. dvil time, in Long. 30** W. ; the Green. Date will be April 
15d. 6h. 10m., which should agree within an hour or so with your chronometer. 

April 16th at 7h. 14m. A.M. civil time, in Long. 45® B. ; the Astron. Date at ship is 
April 15d. 19h. 14m ; and the Green. Date April Idd. 16h. 14m.; then, if the Chron. shows 
3h. 17m., yon»will call it April 15d. 15h. 17m. 

.fiv.— 1S80, Augnst drd : About 6h. 40m. A.M. at ship : Lat. 60° 2' N., Long, by D. B. 
17° 45' W. ; height of eye 15 feet ; the following sights were taken : — 

Obs. Alt. Sun's 1.1. Time by Chron. 

19° 41' 0* 7h. 67m. Os. 

19 47 30 7 58 5 

19 65 30 7 69 19 



FOR TOUKG 8SAM1N AND f AGHTSMEN, 79 

the chroi:(ometef had >ieefar.fQiind 4m. 19bl slow oh meftn tune at'Oieenwich on Jmie Isti 
and was gaining 6s. daily : find the mean time at ship, and theno^ the Longitude, 

h. m, h. m. s. 

Bhip Date/ Aug. 2nd 18 40 7 ^7 June 1 

Long, in time 1 11 W. 7 68 5 — 

7 ti9 19 29 . 

Approx. Gr. Date Aug. 2nd 19 61 — -^ July 81 

'-■■■■^ 3)23 64 24 Aug. 2 

Time by Chron. 7 6^ 8 days 62 

12 68. 



Aug. 2nd 19 68 8 310 

Error Slow + 4 \9 +4 

20 2 27 6,0)31,48. 
rate (gain) -:_6 14 



Gr. Date U. T., August 2nd. 19 67 13^ 



6m. 14b, 



gain in 62} days. 



Sun's Dec. corrected (Naut. Aim. p. n.) 17 24 3 N. Eq. Time corrected + 6m. 66s. 

N. Pol. Dist. 72 36 From Naut. Aim. p. II., but to be 

, applied to apparent time at ship 

Obs.Alt 19^41' 0* according to precept on p. I, 

19 47 30 
19 66 30 



.S)69 24 



19 48 
Obr. T. IX. + 9-6 



True Alt. 19 68 Tab. XXV. 

Lat 60 2 Secant 0-30147 

Pol. Dist: ...*. 72 36 Co-secant... 0-02034 



Sum .„ 162 36 



Half sum 76 18 Go-sine 9*37446 



Diff. ^ 66 20 Sine ...' 9*92027 



h. m. 8. (T.XXXI.) 9-61663 
Hour Angle .... 6 . 20 11 . 

24 



Aug. 2d ;.;.. 18 39 49 App. T. at ship. 

+ 6 66 



„ 2d 18 46 44 Mean T. at ship. 

„ 2d. 19 67 13 Mean T. at Green. 

Long, in Time.. 1 11 29 W. (Green, time best). 

Long 17° 62^ 16^ W. 

The example jn^t given was taken when the snn was near the prnne yertical, 
therefore, as before said, an error in the latitude would not mnch affect the time : 
if yo^ try it with a latitude 14' higher (viz. Lat 60° 16') the error in the time 
will not exceed 1 second. But the case is yery different when the object is 
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90iile diBtmod from the prime yertioai : for example, at altitade 80°, taken 
Ih. 22m. later, the same error of latitude would give an error of 9^ of longitude. 

And now I will make another example such as yon might haye at sea« Let 
ns say yon are approaching Iceland — ^ 

1830, Aug. 8rd about 8h. Im. A.M. at ship: Lat. by D.B. 60^ 1' N.; Long, by D.R. 
17° i5' W.: Mean Time at Qreen. by Ohron. corrected for error and rate 9h. 19m. 288. 
A.M. of 3rd s Aag. 2d. 21h. 19m. 288.: Ban*8trae alt. 80°, and tme bearing S. 72° E.: 
Dec. corrected 17° 23' N. : Equation of time corrected + 5m. 548. 

We will snppose that it is of importance (owing to a fog for the past two 
dayn) to have the approximate Long, by Obs., though yon are uncertain about 
the Lat. ; if therefore yon work out the question g^ven above you will find that 
the apparent time at ship is Aug. 2nd 20h. Im. 82s. and the Long. 18° 0' 80'' W. 

Now, when noon comes, you find that the Lat. by mer. alt. of the sun is 
60°. 29' N., and that between the time of obserration for Long, and noon yon 
made tme course and distance N. 66° W. 85 miles. From Tray. Tab. IL this 
gives Dep. 82' and D. Lat.. 14'*2 ; therefore when the 8h. A.M. observation was 
made you must have been 14' to southward of your noon ^Kwition,— that is in 
Lat. 60° 15' N. : but, by the question your D. R. Lat. was 60° 1' N. If you 
work this problem ?rith the new and corrected Lat. you will find the Long., 
at ihe time that the ohservation was taken, to be 17° 51' 80^ W. 

It is quite common to wait for the noon Lat. and carry it back to the 
morning pomtion for the working out of the Longitode. The following rule 
does away with this faecessity, as, by the Traverse Table you can correct the 
Long, which you had found by the D.R. Lat. thus-^ 

The Longitude being found with a Latitude by dead reckoning, if this 
Latitude is erroneous, the resulting Longitude Is also inaccurate by an amount 
depending on the error in Latitude, and the Sun's Azimuth at the time of 
observation. 

To find the Error in Longitude. — ^Enter the Traverse Table with the Sun's 
Tme Bearing, and Error of Latitude in the Dep. col., take out the D. Lat. 
Then, enter the Table with the Latitude (as a course), and the D. Lat. just found 
in the Lat. col., the Error in Longitude is in the Dist. col. 

To name it E. or TFl-r-Note the direction of the line of position, that is, a 
line at right angles to the Snn*s Tme Bearing ; this must necessarily be either 
N.E. and S.W., or N.W. and S.E.; in either case the first letter that represents 
the direction of the Error in Latitude, makes the other letter show the direction 
of the Error in Longitude. 

Ex. — In the pk^sent case the error of latitude is 14' *2 : entering Trav. Tab. with 
Azimuth 12^ and 14''2 (in Dep. Col.), take out 4' -6 from D. Lat. Ool. : then, entering the 
Table with Lat W and 4''6 in P. Lat Col., take out Dist S', which ia the correction of 
Long. 

Since the Sun's tme bearing is S. 72° E., the line of position is N.E. and 
8.W. : and the error in Lat. being N., the error in Long, is £., we have 

Lat by D. B. 60" V N. Long, with erroneous Lat. 18** 0* W. 

14 N. Bxrorof LoDg. — 9 E. 

Tme Lat 60 16 N. (as above). True Long. 17 51 W. 

when the 8 o'clock sights were taken : these brought down to noon are — Lat. 
by Obs. 60"^ 29' N. ; then by taming Dep. 32' W. into Diff. Long, by lA id. Lat 
we have 65' W., and hence the Long, at noon becomes 18^ 56' W. 



BRIEF RULES IN NAVIGATION 

FOB THE USB OF 0ANDIDATB8 FOB THB BOABD OF TBADB TAOHTIKO OBBTIFIOATB 

OF GOHPBTBNCr. 



Infobhation relative to the Examination of Candidates for Obbtifioatbs of 

COHPETBNOY BB MaSTBBS of PlBASUBB YaOHTS. 



1. The examination is purely yolantary, and is to he confined to persons 
who command their own pleasure yachts. A master of a yacht who is not also 
the owner is not eligihle for examination. 

2. Only one description of certificate will he issued, which will entitle the 
holder to command his own yacht whether foreign going or only cruising within 
the home trade limits. 

The certificate will not entitle the holder to command any vessel except the 
pleasure yacht of which he is at the time owner. 

8. Candidates are not required to have served any specified time afloat, as 
it is helieved that their sea knowledge will he sufficiently tested hy the examination 
they will have to pass in seamanship. 

4. Testimonials of service need not be produced. 

5. The fee of £2 required for the examination of a master of a foreign-going 
ship will be charged. 

6. In other respects the regulations framed for the conduct of the examinations 
of masters ordinary will apply to these cases, but applications will have to he 
Bubmitted to the Board of Trade before authority for examination is granted. 



The following ore the qualifications required for Masters of Pleasure 
Yachts : — 

In Navigation. — He must understand the first five rules of arithmetic, and 
the use of logarithms. He must be able to work a day's work complete, 
including the bearings and distance from one port to another, by Mercator's 
method ; to correct the sun's declination for longitude, and find his latitude by 
meridian altitude of the sun. He must be able to observe and calculate the 
amplitude of the sun, and deduce the variation of the compass therefrom. Be 
must know how to lay off the place of the ship on the chart, both by bearings of 
known objects, and by latitude and longitude. He must be able to determine 
the error of a sextant, and to adjust it ; also to find the time of high water 
from the known time at full and change. He must be able to observe azimutliB 
and compute the variation ; to compare chronometers and keep their rates, and 
find the longitude by them from an observation of the sun ; to work the latitude 
by single altitude of the sun off the meridian ; and be able to use and adjust the 
sextant by the sun. He must be able to find the latitude by a star, &e. He 
will be required to answer in writing certain questions as to the nature of the 
attraction of the ship's iron upon the compass, and as to the method of deter^ 
mining any error arising therefrom. He will be examined in so much^ of the 
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lawB of tiie tides as is necessary to enable bim to shape a course, and to com- 
pare his aonndinga with the depths marked on the charts. \ 

He mast possess a sufficient knowledge of what he is required to do by the 
Slerchant Bhipping Acts, and possess a knowledge of iiie measures for pre^ 
venting and checking the outbreak of scurvy on board ship. He must be 
acquainted with the leading lights of the channel he has been accustomed to 
navigate, or which he is going to use. 

'. In Seamanship. — He must understand the measurement of the log-line, 
glass, and lead-line ^ and pass a satisfactory examination in the green covered 
pamphlet issued by the Board of Trade on the rule of the road, as regards both 
steamers and sailing vessels, and the lights and fog signals carried by them, and 
will also be examined as to his acquaintance with " the International Code of 
Signals for the use of all Nations." He must know how to moor and unmoor, 
and to keep a clear anchor ; to carry out an anchor. He will also be questioned 
as to his biowledge of the use and management of the mortar and rocket lines 
in the case of the stranding of a vessel ; as to managing a ship in stormy 
weather, taking in and making sail ; casting a ship on a lee-shore ; and 
securing the mast in the event of accident to the bowsprit. 

He will be examined as to his competency to construct jury rudders and 
fafbs ; and as to his resources for the preservation of the ship's crew in the 
event of wreck. 

In cases where an applicant has only served in a fore and aft rigged, vessel, 
and is ignorant of the management of a square rigged vessel, he will only obtain 
a certificate on which the words '^fore and aft rigged vessel " will be written. 
This certificate does not entitle him to^ command a square rigged ship. 

All candidates presenting themselves for examination for the first time will 
be required to give short definitions of so many of the terms contained in the 
list (A.) appended to Circular 517, as may be marked with a cross by the 
Examiner ; also at least eight of such of the questions in list (B.), appended 
to the same Circular, as may be marked with a cross by the Examiner. 

THOMAS GRAY. 



Definition of Terms in Navigation and Nautical Astronomy. (List A.) 
'. 1. Multiplication by Logarithms ; p. 3. 

2* Division by Logarithms; p. 8. 

8. Day's Work ; pp. 8—5. 
. 4. Latitude by Meridian Altitude of Sun ; p. 5. 

5. Difference of Longitude by Parallel Sailing ; p. 5. 

6. Course and Distance by Mercator's Sailing; p. 6. 

7. Time of High Water by Admiralty Tide Tables; p. 6—8. 

8. Amplitude by the Sun, with Error and Deviation of Compass ; p. 8. 

9. Longitude by Chronometer and Sun's Altitude ; ,p. 9 — 10. 

10. Azimuth by Sun's Altitude, with Error and Deviation of Compass ; 

p. 10—11. 

11. Latitude by Reduction to the Meridian; p. 12. 

12. Latitude by Meridian Altitude of Fixed Star ; p. 12—18. 
Use of the Chart and Sextant. 

Deviation of the Compass and Use of Napier's Diagram. (List B.) 
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BRIEF RULES IN NAVIGATION. 



I 



1. MULTIPLICATION BY LOGARITHMS. 

(Tab. XXIV. at None ; Tab. 64 of Raper ; Tab. 17 of Bosser ; also, for Note on 
Index, see p. 13.) 

Write down the numbers to be moltiplied, one nnder the other; take out the 
Log. of each, and add the two Logs, together; the sum will be the Log. of the 
product, which take out. ' ) 

Multiply .... log 

By . . log *• 



Answer . • . • . log 



2. DIVISION BY LOGARITHMS. 

Under the number to be divided write the divisor; take out the Log. of 
each, and subtract the lower Log. from the upper one; the remainder will be the 
Log. of the required answer, which take out. 

Divide • • • • • log .•••..« 

By • • log ...... . 

Answer • • • « . log 

" 

3. DAY'S WOREL 
^ N.B. — In the first place, attentively read the following notes on 

CORRECTING COURSES AND BEARINGS :— 

1. Wl\en correcting a Course or Bearing, always suppose yourself standing in the 
dentre of the Compass, looking in the direction of the Course or Bearing. 

2. A Compass Course may be affected by Leeway, Deviation, and Variation, 

3. A eorreat Magnetic Course can be affected by Leeway and Yariation,^no^ by Devia- 
tion. 

- 4; A Compass Bearing may be affected by Deviation (due to the direction of the shipV 
heading or course), and by Variation. : . . 

5. A correct Magnetic Bearing can be affected only by Variation. 

6. When correcting for Leeway--^ o 

Allow it to the right if on the port tack ; 
Allow it to the left if on thq starboard tack $ 
that is, in a direction /rom the wind. 

7. When correcting a compass course ^br DevtaUioti^-^ 

Allow it to the righty if Easterly j 
Allow it to the left, if Westerly. 

8. When correcting a compass course ^br Variatum^ 

Allow it to the right, if Easterly ; 
. Allow it to the left^ if -Weriwly. : a 



Hariog carefully read oyer the instrnctions on "Correcting Conrses and 
Bearings/' proceed to correct the Conrses in the Day's Work according to the 
precepts there laid down. Also, note, that all the conrses, thongh given in points of 
the compass, are to he conyerted into degrees, and so entered in the Trayerse Tahle. 

1. Reverse the departure hearing; express it in degrees, and apply the 
deviation (dne to the direction of the ship's head) and the variation ; the result 
is to he taken as a course, 

2. Correct each course in succession, allowing the leeway (if any), applying 
the deviation (appertaining to each course), and also the variation. 

A<0/tf .^-Allow the leeway in points hefore ezpreflsing the course in degrees. 

8. The current being correct magnetic, treat it as a course, but only apply 
the variation. Note. — The drift is to be taken as a distance. 

4. The true courses being thus found, are then, with their respective distances, 
to be entered in the following form : — 



Troe Courses. 


Dist. 


D.Lafc. 


Departure. 


- N. 


8. 


E. 


W. 










• 





Jfcte. — In all Epitomes ot Nayigation the Traverse Tables are 1 and 2. 

5. Enter Traverse Table II. with the several courses and distances, and 
fill up the D. Lat. and Departure columns. Bemember to read from the top of 
Trav. Tab. if course is less than 45^, but from the bottom if over 45^ ^so, 
if Dist. exceeds 800 miles, enter the Trav. Table with half the Dist., take out 
tbe corresponding D. Lat. and Dep., and then double them. 

6. Add together the quantities in the N. column, and, also in the S. column ; 
HuBOf take the difference of the two sums, giving the remainder the name of the 
greater quantity (N. or 8.) : ilie result will be tiie Difif. Lat. made good* 

7. Add together the quantities in the E. column, and also in the W, 
column ; then, take the difference of the two sums, giving the remainder the 
name of the greater quantity (E. or W.) ; the result ^nll be the Departure made. 

8. For the Course and Distance made good, enter Trav. Tab. II and seek 
out the page where the D. Lat. and Dep. made are side by side, reading headings 
of columns from the top if D. Lat. is greater than Dep., but from tiie bottom 
if D. Lat. is the less. * The course (in degrees) is taken from the top of the 
page if D. Lat. is greater than Dep., but from the bottom if D. Lat. is the 
less. The Dist. comea from Dist. column alongside the given D. Lat. and 
Dep. : name the Course according to the D. Lat. and Dep., and write the 
teault thus — Course made good N. or S» . .^ E. or W. ; Dist. • • . miles* 



9w For the Lat, in.— Under the Lat. left write th« D, Lat. ; if both hare 
the same name (N. or S.) take their sum for Lat. in, of the Bame name aa 
Lat. left : if one is N. and the other S. take their diiSferenee for the Lat. tn, 
of the same name as the greater. 

10. For the Middle Lat. ; add together the Lat. left and Lat. in, if both 
have the same name ^N. or S.), and diTide the sum by 2 ; if one Lat. is N. and 
the other S., iiake their difference and divide the remainder by 2. 

11. For the Diff. Long.— Enter Trav. Tab. II. with 



Mid. Lat. (as a conrse) 
and Dep. in D. Lat. colmnn 



the Dist. in Dist. column is the 
required Diff. Long. 



KoU. — If Dep. exceeds 300, take the half of it, and having found the Dist. correoponding 
thereto, double it. 

Note. — If the Lat. in is less than 5^ the D^. may be taken as the DifE. Long. 

12. — For the Long. in. — Under the Long. . left write the Diff. Long, with the 
same name as the Dep. If Long, left and Diff. Long, have the same name 
(E. or W.) take their sum for the Long, in, of the same name as Long, left ; 
except this sum exceeds 180^, in which case subtract it from 860", and mark 
the remainder W. when Long, left is E., but E. when Long, left is W. If 
Long, left and Diff. Lopg. have different names (one E. and the other W.), 
take their difference for the Long, in, of the same name as the greater. 



4. LATITUDE BY MERIDIAN ALTITUDE OF SUN. 

1. For the Greenwich Date. — Write down the Ship Date, month and day, with 
Oh. Om. Os., under which put the Long, in time; subtract the latter if Long. E.^ 
but for Long. W. add. The result wSl be Green. Date Apparent Time. 

2. For the Declination. — Enter Naut. Aim. page L of given month, and take 
out the Declination for the Green. Date ; for method of correction see p. 14 No. V. 

3. For the True Altitude. — Coirect the observed Altitude for Index Error (if 
any), Dip, Refraction, Semi-diameter, and Parallax (see p. 16 No. VL) The 
result will be the Tnie Alt. 

4. For the Zenith Distance. — Subtract the True Altitude from 90** ; and 
name the remainder N. when sun bears S., but S. when sun bears N. 

5. For the Latitude. — Under the Zen. Dist. write the corrected Declination/ 
each having its proper name N. or S. ; if both are N., or both S., take their sum for 
the Latitude ; if one is N. and the other S. take their difference for the Lati* 
tnde, of the same name as the greater. If Zen. Dist. is 0, the Declination 
is the Latitude ; if Declination is 0, the Zen. Dist. is the Latitude. 



5. DIFFERENCE OF LONGITUDE BY PARALLEL SAILING. 

Under the Latitude write the Departure. To the Log. Secant of the Latitude 
add the Log. of the Departure, the sum (rejecting index 10) will be the Log. 
of the Difference of Longitude, which take out. 

o # 

Lat roc • . 

Dep • • • log .....;. 

Diff Long • • • log ....... 
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6.' COUBSB AND DISTANOJ: BY MEBOATOB'S BAILING. 

1. For the True Difference of Latitude. — ^Latitades of the same name, take 
their diffnence ; Latitudes of different names, take their snm. The resnlt will he 
the Tme Diff. Lat.; then mnltiplj the degrees bj 60, and add in the miles. 

2. For the Meridional Difference of Latitude.— ^¥ram the Table take out the 
Meridional Parts corresponding to the two Latitudes ; take their difference for 
Lats. of same name ; take their snm for Lats. of different names. The resnlt 
will be the Mer. Diff. Lat 

(Mer. Parte Tab. III. pf Norie ; Tab. 6. of Baper ; Tab. 3 of Bosaer.) 

8. For the Difference of Longitude. — Longitudes of same name, take their 
difference, I^oogitodes of different names, take their snm, and if this sum 
exceeds 180^ subtract it from 360^ The result will be the Diff. Lcmg. ; then 
multiply the degrees by 60, and add in the miles. 

4. For the Course. — Under the Diff. Long, (in miles) write the Mer. Diff. 
Lat. : firom the Log. of Diff. Long. (tJidex increased by 10) subtract the Log. 
of Mer. Diff. Lat. : the resnlt will be the Log. Tangent of Course, which take 
ofit in degrees and minutes. 

Diff. Long • • • , log (+ index 10) •••«..• 
Mer. D. Lat .... log • • 

Coarse • .^ • / tangent 

5. For the Disiance.'^^TJjider the Ck)nT8e write the true Diff. Lat, ; to the 
Ix>g. Secant of Course add the Log. of tme Diff. Lat. : the sum (rejectin^^ 
indesp 10) will be the Log. of Distance, which take out. 

Ooime • • • . 060 ••••••• 

TnieD.X4it • . * • log ••..••« 

Pist • • • . log • 

' 6. To name the Course^^ 

(1.) When both Lats. hare »ame ftamet sailing from less to greater Lat. will giTa 
Ooorse of same name as greater Lat. ; but sailing from greater to less Lat. will give 
Conise of different name from greater Lat. When Lats. hare Afferent names, sa£Qng 
from N. to 8. will give Ckmrse 8., bat sailing from 8. to N. will give Coarse N. Also, 

, (2.) When both Icng. hare same name, sailing from less to greater liong. will gire 
Coarse of same name as greater Long, : bat sailing from greater to less Long, will give 
Coarse of different name from greater Lone. When Lortg. have different nam^s, sailing 
from B, to W. will give Course W., bat saihng from W. to S. will give Coarse S., eteeept 
when crossing the meridian of 180^, then Coarse wiU be E. if Long, from is E., bot W« 
if Long, from JB W. Hence-^ 

Course is named from N. or S. according to Diff. Lat., towards E. or W. 

accoidipg; to Diff. Lon^. ; thus N. or S. , .^ . .' E. or W.; dist, • • • • miles. 
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7. TIME OP HIGH WATER BY ADMIRALTY TIDE TABLES. 

'The work known as the "Admiralty Tide Tables" gives, in the first 97 
pages, daily tide tables (t.6., morning and afternoon times of high water) for 24 
of the chief ports of the United Kingdom^ including Brest; these are recog- 
nised as Standard PoHs, 

At pp» 104 to 108 are also found a collection of Tidal Constanta for 231 
places on the coasts of the United Kingdom md of Europe \ the constant for 



a given port ,be]ng. applied according to its sign r+ or — ) to the times belonging 
to the standari port to which it is referred, will give (approximately) the time 
of high water at that port. 

A port other than the standard one being given, .to find the am. and f.h. 
times of high water on a certain day, proceed as follows : — 

1. Torn to the '' Tidal Constants ;'' seek for the given port, take out the 
constant^ and note its sign (+ or — ) as well as the standard port for reference. 

2. In the first part of the book, turn to the given moathj seek out the 
standard port, and for the given day will be seen the morning and afternoon 
times of high water at that port. K a blank or dash occurs in either column, it 
indicates no high watery and consequently there is but one high wiatcr on that day. 

3. In every case take out the tidal hour at standard port of reference, and 
under it write the tidal constant. 

4. When the constant is + , that is, additive to the tidal hours at stai;idard port : 

(a) Both tides being given for the day at the standard port — 

If sam of morning tide and constant is less than 12h., it Is the A.]ff.- tide 

reqaired. Then, 
If sam of afternoon tide and constant is less than 12h., it is the P.M. tide 

required; but if sum is more than 12h., there is no P.M. tide. 
Or, — If sum of morning tide and constant is more than 12h., reject 12h. and it is 

the P.M. tide reqaired. Then, 
To afternoon tide of previous day add constant, and if sam is less than 

I2h. there is no a.m. tide ; but if sam is more than 12h., reject 12h.,and 

it is the A.M. tide required. 

(¥) No morning tide being given at the standard port — 

To afternoon tide of previous day add constant ; if sum is less 'than 12h« 

there ia no AM, tide ; but if sum is more than 12h., reject 12h} and it is 

the A.M. time requii-ed. Then, 
To afternoon tide of given day add constant, and the sum is the P.M. tide 

required. 

(e) No afternoon tide b^ip^ given at the standard port— 

If sum of morning tioe and constant is less than 12h. it is the A.M. tide 
required, and therQ is no p.m. tide ; bnt if the sum is more than 12h., 
reject 12h.\ and it is the P.M..tide required; in the latter case, to 
afternoon tide of prevtofis day add constant, and if sum is less than 
12h. there is no am, tide ; but if < sam is more than 12h., reject 12h., and 
it is the A.M . tide required. 

5. When the constant is — , that is, to be subtracted from the tidal hours at 

standard port: 

(i) Both tides h^ing given for the day at the standard port, and constant less than 
both— 
From morning tide subtract constant, and remainder is the A.H. tide required. 
From afternoon tide subtract constant, and remainder is the P.M. tide required. 

{e) Both tides being given^ and constant greater than morning tide, but less than 
afternoon tide — 
Disregard the morning tide at standard port as of no value ; for there can 

be no KM, tide at the place for whioh the tide is sought. 
From afternoon tide subtract the constant, and remainder is the PJC 
tide required. 

(/) Both tides being given, and constant greater than both-r 

Disregard the morning tide at standard port as' of no value. 

To afternoon tide add 12h. and subtract the constant ; the remainder is the 

AM. tide required. . Then, 
If constant is less than morning tide of newt day there is lu? P.M. tide ; but 
If constant is greater than morning tide of neat day, add 12h. to the latter, 

anbtract the oonstant^ and remainder is the P.it. tide required. 
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(jf) No m4fming tide beings given at the standaxd port*^ 

Jf congtant if leu than afternoon tide^ there is no AJf • iide. Then, 

From afternoon tide subtract constant, and remainder is the P.K. tide required. 

But, if eondant it greater tha/n aftem on tide, add 12h. to the latter, subtract 

constant, and remainder is the A.M. tide required. Then, 
If constant ialess than morning tide of newt day, there is no P.M. tide ; but 
If constant is greater than morning tide of neajt day, add 12h. to the hitter, 

subtract constant, and remainder is the P.M. tide required. 

(A) Ko after Mxm tide being git^en at the standard port — 

From morning tide subtract constant, and the remainder is the A.M. tide 

required. Then, 
If constant is less than morning tide of neoet day, there is no p.m. tide ; but 
If constant is greater than morning tide of next day, add 12h. to the latter, 

subtract constant, and remainder is the Pjf . tide required* 



8. AMPLITUDE BY THE SUN, 

TOaETHER WITH ERROR AND DEVIATION OF THE COMPASS. 

1. For Greenwich, Date. — "Write down the Ship Date, month, day, honrs, 
minutes, and seconds, expressed astronomically — that is, if question gives p.m., 
bring down the day and hoars as they stand ; bat if question gives a.h., add 
12 to the hours, and put the ship date 1 day back. (^See p. 14 No. III.) 

To the ship time add the Long, in time if W., but subtract Long, in lime if 
E. The result will be Green. Date Apparent time. (See p. 14 No. lY.) 

2. For the Declination. — From Naut. Aim. page I. of given month take out 
the Declination for the Green. Date, and correct it for Green. App. time, (See 
p. 14 No. Y.y 

8. For the True Amplitude. — Under the Latitude write the corrected Decli- 
nation; to the Log. Secant of the Lat. add the Log. Sine of the Dec.; their 
sum (rejecting index 10) will be the Log. Sine of the True Amplitude, which 
take out in degrees and minutes, thus E. or W. • .^ • •' N. or S. 

O / 

Lat ... * sec , 

Dec sine .....•• 

TraeAmp Bine •...,•• 

To be named from E. if question gives a.m., but from W. for p.m. 

Towards N. for N. Dec., towards S. for S. Dec. 
If the Dec. is 0, the True Amplitude is exactly East for a,m., exactly West 
for P.M.; no computation is required. For Lat. 0, the Dec. is the True Amp. 

4. For the Error of the Compass. — Under the True write the observed 
Amplitude, reckoned from the same point as the true, E. or W. as the case may be. 

If both are N., or both S., take their difference ; if one is N. and the other 
S., take their sum ; the result in each case will be the Error of Compass. 

Then, looking from the centre of the compass in the direction of the observed 
Amplitude — 

Name Error E. if true, is to right of observed. Amplitude. 
Name Error W. if true, is to left of observed, Amplitude. 

5. For the Deviation of the Compass. — Under the Error of Compass write 
the Variation as given in the question, then — 

Error and Var., both E. or both W,, take their difference. 
Error and Var., one E« and the other W«| take their mau 
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The resulting Deviation will 1)6 of the same name as the Error of Compass; 
unless the Error has been subtracted from the Variation, in which case the 
Deviation will be JE, when Error is W.^ but W. when Error is E, 

Also, with Error 0, Deviation is of the same amount as the Variation, 
but of the opposite name ; with Variation 0^ the Error is the Deviation. 



9. LONGITUDE BY CHRONOMETER AND SUN'S ALTITUDE. 

In this problem two chronometric errors are given, which, by means of the 
elapsed time, will give a daily rate, hence proceed as follows: — 

1. Write down the Time by Chronometer, with the month and day before 
it ; under this time write the second error in the question, adding it if slow^ 
subtracting it if fast; the result will be the approximate Greenwich Date. 

2. For the Daily Bate, — ^Write one error under the other, then — 

Both errors fast, or both slow, take their difference. 

One error fast and the other slow, take their sum. 
The sum or difference must be converted into seconds, and divided by the 
number of days elapsed between the dates of the two errors. The result wiU 
be the Daily Rate, in seconds, or seconds and tenths, or perhaps tenths only. 

3. For the Accumulated Bate, — Multiply the Daily Rate by the number of 
days elapsed between the date of the second error and the date by chronometer, 
allowing a proportion for the given hours. The product will be seconds, which, 
if above 60, reduce to minutes and seconds ; the result will be the Accumulated 
Rate, and to know whether it has been a gaining or losing rate, note the 
following: — 

With Ist error fusty and 2nd error fatter; j 

With 1st error slow, and 2nd error not so slow ; > Gaining rate. 

With Ist error slow, and 2nd error fast; ) 

With Ist error slow, and 2nd error slower ; I 

With Ist error fast, and 2nd error not so fast; > Losing rate. 

With 1st error fast, and 2nd error slow ; ) 

4. For the Greenwich Date, Mean Time. — ^To the approximate Green. Date 
apply the Accumulated Rate, subtracting it if gaining, but adding it if losing, 

5. For the Declination, — Take the Declination from the Naut. Aim. p. IL 
of given month, and correct it for the Green, Date, mean time. {See p. 14 
No. V.) 

6. For the Polar Distance, — Subtract the corrected Declination from 90° 
when Lat. and Dec. are both N., or both S.; if Lat. and Dec. are one N. and 
other S., add 90° to the Declination. For Lat. 0, subtract Dec. from 90°. 

7. For the True Altitude^ correct the observed Altitude for Dip, Refractioxi| 
Semidiameter, and Parallax. {See p. 16 No. VI.) 

8. For the Equation of Time, — For the given day take the Equation from 
Naut. Aim. p. II. of month ; also, take " Var. in Ih." for same day from p» I. 
of month; multiply the **Var. in Ih." by the hours and tenths of Green, 
Time, marking off as many decimal places in the product as there are decimal 
places in the " Var." and Time together. This is the correction of Equation— 

To be added if Equation is increasing ; 
To be subtracted if Equation is decreasing. 
Also, take special notice^ on p. I. of Naut, Aim, of the day, when the Equation 
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changes*^ in the column it is marked by a strong dash' — '- — and at to|> 
*^^ i^ or ^ 

9. Far the Apparent Time at Ship, — Add together the true Altitude, the 
<Latitude, and the Polar Distance ; divide the sum by 2, for the Half-sum-; 
and subtract the Altitude from the Half-sum, which call Remainder. 

Then, add together the Log. Secant of the Latitude, the Log. Cosecant of 
the Polar Distance (take Secant of Decimation if Pol. Dist. is greater than 
90^), the Log. Cosine of the Half-sum, and the Log. Sine of the Remainder. 
The sum of these four Logs, (rejecting index 30) will be the Log. of the 
Hour-Angle, that is, the time from the nearest noon, which take out in hours 
minutes, And seconds. N,B^ — All Logs, to be taken out to seconds of arc. 

True Alt •••..• 

Lat . . . • . f sec , 

' Pol Dist . . . . . . cosec 



sam 



) sum , , . . . • cos 
Bern sine 



h. m. 8. 

. > . . . . Log Hour- Aug 



yiite : Hour- Angle Table XXXI. of Norie ; Tab. 69 of Raper ; Tab. 20 Rosser. 

If the question gives a.m. at ship, subtract the hour-angle from 24 hours, 
^nd before the remainder write the Ship Date, which will be 1 day less than the 
date in the question : — 

If the question gives p.m. at ship, the hour-angle is the correct time, before 
which write the Ship Date unaltered : — 

And you have the Ship Date, Apparent Time. {See also p, 16 No. VII.) 

10. For the Mean Time at Ship. — Under the App. Time at Ship write the 
Equation of Time, which is to be added or subtracted as directed in Naut. 
Aim. p. I. of given month. The result will be the Mean Time at Ship. 

For the Longitude. — Under the Ship Date, Mean Time, write the Greenwich 
Date, Mean Time ; take the less from the greater, remembering that the value of 
the days in e^ch must he considered as well as the hours. The remainder wiU 
be the Longitude in time, which turn into . .° . .' . .'', and name — 

East if Green. Mean Time is less than Ship Mean Time. 

West if Green. Mean Time is greater than Ship Mean Time« 



10. AZIMUTH BY SUN'S ALTITUDE, 

TOGETHER WITH ERROR AND DEVIATION OF THE COMPASS, 

1. For Greenwich Date, — ^Write down the Ship Date, month, day, hours, 
minutes, and seconds, expressed astronomically ; that is, if question g^ves p.m. 
bring down the day and hours as they stand; but if question gives a.m. add 12 
to the hours, and put the ship date 1 day back. {See p. 14 No III.) 

To the ship lime add the Long, in time if W. ; but subtract Long, in time 
if E. — The result will be Green. Date Mean Time^ or Apparent Time, according 
ia -die -question, (^m p. 14 No. IV.) 
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2. .7W the Declination, — Take out the Declination for the Greeh^ Date, 
from l^aut. Aim. p. IL of month if mean time, but from p. L if apparent time ; 
correct it for the Green Time. (^See p. 14 No. V.) • 

8. For the Polar Distance. — Subtract the corrected Declination from 90® 
1?hen Lat. and Dec. are both N., or both S. ; if Lat. and Dec. are one N. and 
other S. add 90° to the Declination. For Lat. 0, subtract Dec. from 90°. 

4. For the True Altitude^ correct the observed Altitude for Dip, Refraction, 
femidiameter, and Parallax. (See p. 16 No. VI.) 

5. For the True Azimuth. — Add together the Polar Distance, the Latitude, 
And the true Altitude ; divide the sum by 2, for the Half-sum ; then, take the 
Difference between this Half-sum and Polar Distance. 

, Then, add together the Log. Secant of the Latitude, the Log. Secant of the 
Altitude, the Log. Cosine of ti[ie Half-sum, and the Log. Cosine of the Difference. 
The sum of these four Logs, (rejecting index 20) is to be divided bj 2, and the 
resulting Log: is to be sought as a Sine, which take out in degrees and minutes, 
and multiply by 2 for the True Azimutii j writing N. or S • .° . / E» or W.— 



PolDist 
Lat 

Alt 


• a 


• • 

. . sec 
. . sec 




sum 


• • 


. • 




■\ snm 


• • 


. . cos 




Diff 


• • 


. . COS 




* 


o 


.21^ 


• •.•••• 


1 Trae Az 


. . sine 
2 




* 


J • ) 


TraeAz 


• . 


. . 





< ■ • 



To he named from N. in S. Lat., but from S. in N. Lat.* 

Towards E. if question gives a.m., but towards W. for p.m. 

* For Lat. ; with. Pec. N., name .a^in^i^h irom. S. ; with Dec. S., name it from N.— 
For Lat. and I)ec. both 0, see p. 16 No. VIL 

' Before proceeding further lodk to the observed Azimuth or Bearing as given 
in the question, if it is N. while true Azimuth is S., or if it is S. while true 
Azimu:Ui is N., subtract the true Azimuth from 180°, and the remainder will 

be the true Azimuth in the same name (N. or 8.) as the observed. 

» 

6, For the Error of the Compass, — Under the True Azimuth write the 
observed Azimuth or Bearing, both reckoned from the same point, N. or S. 

If both are E., or both W., take their difference ; if one is E. and the other 
W., take their sum ; the result in each case will be the Error of Compass. 

Then, looking from the centre of the compass in the direction of the observed 
Azimuth-— 

Name Error E. if true, is to right of observed. Azimuth. 
Name Error W. if true, is to left of observed. Azimuth. 

7. For the Deviation of the Compass, — Under the Error of Compass write 
the Yariationi and proceed as direct in Amplitude Problem^ p. 8 sec, 5. 
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11. LATITUDE BY REDUCTION TO THE MERIDIAN. 

1. For th0 Apparent Time at Ship. — Write down the month and daj with 
the hoars, minutes, and seconds by watch or chronometer ; apply the given 
error, adding it if slcwj subtracting it iSfaet, Also — 

Turn the Diff. Long, into time and apply it, adding if East, subtracting if 
West. The resolt is the Apparent Time at Ship. 

2. For the Chreenwieh Date. — Under the Ship Date, App. Time, write the 
Long, in time ; add if West ; subtract if East. .The result is Green. Date, 
Apparent Time. 

S. For the Declination. — Take the Declination from Naut. Aim. p. I. of 
given month, and correct it for the Green. Date. {See p. 14 No. Y.) 

4. For the True Altitude, correct the observed Altitude for Dip, Refractiont 
fiemidiameter, and Parallax. {See p. 16 No. YI.) 

5. For the Time from Noon at Ship. — If question gives p.m. you have the 
time from noon in the Apparent Time at Ship ; if question gives a.m., then 
App. Time at Ship will be about 23h. i&c, which take from 24 hours for the 
time from noon. 

6. For the Seduction. — ^Write down in succession the Time from Noon, 
the Latitude by Ace, the corrected Declination, and the Zenith Distance by 
Ace. {Note : the. Zen. Dist. is got by taking the sum of Lat. and Dec. when 
of different nanus; by taking their difference yrhen of same name.) 

' Add together Constant* Log. Q. 30103, Log. of Hour-angle f for Time from 
Noon, Log. Cosine of Latitude, Log. Cosine of Declination, Log. Cosecant of 
Zenith Distance. The sum (refecting tens in index) will be the Log. Sine of 
'the Reduction, which take out m . .^^ • / • ,' or . .' . .' as the case may be. 

Constant Log. 0. 80}03 
m. - 8. 
Tlmelrom Noon • . • • Xx>g Hor Ang . • . , • • 

Lat • .° . .' cos • 

Dec . . . • cos • 

Zen Dist .... cosec 

Bednction • • • • sine . . . . • . 

7. Add the Reduction to the true Altitude, for the true Meridian Altitude ; 
and subtract the latter from 90^ for the Meridian Zenith Distance, naming it 
N. if sun bears 8., but S. if sun bears N. 

8. For the Latitude, — Under the Zenith Distance write the corrected 
Declination, and then, Eule ^^ Latitude by Meridian Altitude of Sun " p. 5 
sec. 5 applies to this Problem. 



12.— LATITUDE BY MERIDIAN ALTITUDE OF FIXED STAR. 

1. For the True Altitude, — Correct the observed Altitude for Index Error 
(if any), for Dip and Refraction. 

Fixed stars have no perceptible semi-diameter nor parallax. 

- 

* This is Log. of 2 in Logarithms of Nmnbers. 
tTab. XXXL of Norie ; Tab. 69 of Baper ; Tab. 20 of Bosser. 
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2. ^For the Zenith Distance, — Subtract tlie True Altitude from 90°, and 
name the remainder (Zen. Dist.) N. if star bears S., but S. if star bears N* 

. 3. For the Star's Declination. — ^Tum to Naut. Aim. for the catalogue of 
" Places of Fixed Stars for January 1." Run your finger down the pages until 
you see the given star; note star's Right Ascension, which will be a guide to 
finding it on the page where the R.A. and Declination are given for every 10 
days during the year. Seek the day of the month nearest to that given in the 
question, and take out Star's Declination, the degrees and minutes from the top of 
the column, and the seconds opposite the date. Should these seconds exceed 
60, add 1 to the given minutes and reject 60 from the given seconds — ^thus, 
20° 40' 78" would be 20^ 41' 18". 

For the Latitvde, — Under the Zenith Distance write the Star's Declination ; 
and then, Rule ^^ Latitude by Meridian Altitude of Sun " p. 5 sec, 5 applies to 
this Problem. 



SUBORDINATE COMPUTATIONS. 

No. L— LOGARITHMS. 

1. If we write dovm 3728 we indicate a whole number consisting of four 
figures or digits; similarly, 876,248 is a whole number consisting of six figures. 

2. If we write down '5, or '75, or '086, that is, any number of figures with 
a dot before the first ^gwce, we indicate a decimal fraction, 

8. If we write down 148*62 we indicate a whole number and a decimal, 

4. The Logarithm of a number consists of two parts, the index and the 
decimal part ; the index has to be supplied according to a definite rule, but the 
decimal part may be obtained from the Table of Logarithms according to 
instructions given in the various Epitomes of Navigation. 

' 5. Rule for the Index, — For a whole number, with or without decimals, the 
index of the Log. is 1 less than the number of figures in the whole number. 

In(lex. Decimal. 
Thus,— The log. of 725400 (6 figures) is 6-860678 
v 72540 (5 figures) 4-860678 

K 7254 (4 figures) 8-860578 

V 824 (3 figures) 2.916927 

IT 76 (2 figures) 1-876061 

If 6 (1 figure) 0-778161 

9 .725-4 (3 figures) 2-860678 

If 72-64 (2 figures) 1-860678 

n • 7-264 (1 figure) 0-860678 

The Index of a number all decimal is properly negative, and is indicated by 
the place of the first figure : thus, '523 gives Index T, "0523^ gives Index ^, 
'00523 gives Index 7, and so on. But it is more usual to write the comple- 
ment of these Indices, and say 9* for T, 8 for ^, 7 for j, &c. Thus — 

The log. of '6798 (no cipher in decimal) is 9*763278 
•06798 (1 cipher v ) 8-763278 

•006798 (2 ciphers u ) 7-76327S 
•0006798 (3 ciphers m ) 6-768278 

N.B. — A cipher to the left of the decimal point would merely show that there is no 
whole number ; thus, 0*6798 and -6798 are the same thing. 
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No. n;— TO OONVEUT LONGITUDE INTO TIME. 

' Multiply the Long, by 4; the minutos of Long, become seconds of time ; and 

the degrees of Long, become minutes of time^ ^which are to be divided by 

60 to convert into hours and minutes. 

(Or, the conversioiL may be made by Tab» XTX. of Norie ; by Tab. 17 of Baper ; by 
Tab* A. of Bofiser.) 

No. IIL— TO CONVERT CIVIL TIME INTO ASTRONOMICAL TIME. 

1. If the civil time is p.m. {after wxm)^ and thus refers to the hours between 
noon and midnight, it corresponds to the astronomical time ; thus — 

April 18th, at 8h. 20m. p.M. (civil time), 
is April 18d 8h. 20m. (astronomical time). 

2. If the civil time is a.m. {before noon), and thus refers to the hours 
between midnight and noon, add 12h. to the civil time, and put the date 1 day 
back; thus — 

April 18th, at 8h. 20m. a.m. (civil time), 
is April 17d 20h. 20m. (astronomical time). 
Also, December 1st, at lOh. 40m. a.m. (civil time), 
is November SOd 22h.^40m. (astronomical time). 



No. IV.— GIVEN, THE TIME AT SHIP AND LONGITUDE TO 

FIND THE GREENWICH DATE. 

1. Express the ship date as astronomical time. 

2. Convert the longitude into time, and place it under the ship time. 

8. If the longitude is West, add it to the ship time. (Note. — If the sum 
of the hours is more than 24h., reject 24h. and add 1 day to the date.) 

. 4. If the longitude is East, subtract it from the ship time. (Note. — If tiie 
hours of longitude exceed the hours at ship, add (mentally) 24h. to the ship 
time, and- put the date I day back.) 



h. m. 

Ship time Feb. 18d ... 3 10 
Long. 61° SO' W. . ... 4 18 

Green, date, Feb. 18... 7 28 



h. m. 
Ship time, Feb. 18d ... 8 7 AJf. 



» Feb. 17 ... 20 7 (astronomical time) 
Long. 110° 30' W. ... 7 22 

Green, date, Feb. 18 ... 3 29 



h. m. 

Ship time, March 3d 40 

Long. 49° 16' E 3 17 



Green, date, March 8 6 23 







Ship time, March 7d 
Long, 127° 30' B. 

Green, date, March 6 



h. 


m. 


4 


32 


8 30 


20 


2 



No. v.— TO COERECT THE SUN'S DECLINATION. 

Note.'-^Take the Declination, from Naut. Aim. p. I. of the month for 
apparent time, from p. IL for mean time. The " Var. in Ih.," often called the 
hourly difference, is ^ways got from p. L 

Method 1. — By the " Var. in 1 A."— From the proper page of Naut. Aim. 
take out the Decimation for the Green. Date ; also take " Var: in Ih." from 
p. I. for same date ; multiply the •* Var. in Ih." by the Green, time («.<?., by the 
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lionrs, with the minutes conrerted into tenths of an hoar) ; mark off from thd 
right of the product as many decimal places as there are decimals in the '' Yar." 
and Green. Time together. The number to the left of the decimal point will be 
seconds, which must be diyided by 60 (if more than 60) to convert into minutes 
and seconds; this is the correction of Declination,, 
JRule to apply the correction:.* — 

Declination increasing^ add correction to Declination. 

Declination decreasing y subtract correction from Declination. 
But note^ the correction is subtractive on the day in March when Declination 
changes from S. to N., also on the day in September when Declination changes 
from N. to S.; at either date, if correction is greater than Declination, subtract 
the t>eclination from the correction; then, in March the remainder will be the 
Declination N., but in September the remainder will be the Declination S. 



Method 2. — By Logarithms for reducing Daily Variations^ — (Tab. XXXIII 
of None ; Tab. 21a. of Baper ; Tab. 13 of Rosser.) 

From the proper page of Naut. Aim. take oat the Declination for the Qreen. 
Date, and under it place the Declination for ^q following day; then, 
Both Declinations of same name, take less' from greater. 
Declinations of different names (one N., the other S ) take their sum. 
In either case the result is the daily variation of the Declination. 

Under the Daily Variation write the hours and minutes of the Green. Date ; 
from the Table ("Log. for reducing daily Variations") take out the Logs, 
corresponding to each ; add together the two Logs., and the sum will be the 
Log. of the correction, which take out in minutes and seconds • .' • .", or in 
seconds . ," only, as the case may be. 

Apply the correction to the Declination for the Green. Date according to the 
Rule in Method 1. 



SfisTHOD 8. — ^When finding Latitude by Mer. Alt. of Sun^ the Declination 
can be corrected for the Longitude of ship, thus — 

From Naut. Aim. p. I. of month, take out the Declination for the Ship 
Date, and also the " Var. in Ih." for the same date. 

Multiply the '' Var. in Ih." by the Longitude in lime, and the product will 
be the correction, to be applied a« follows : — 



In W. Long. 
In E. Long. 



Dec. increasing, add correction. 
Dec. decreasing, subtract correction. 
Dec. increasing, subtracting correction. 
Dec. decreasing, add correotion. 



Method 4. — The Declination will always be more accurate when corrected 
from the noon nearest to the Green. Time. 

In this case,* when the hours of Green. Date are less than 12, Method 1 
applies in every respect. 

But when the hours of Green. Date exceed 12, subtract the time from 24 
hours ; take out the Dec. as well as the Var. in Ih. for the noon in advance of 
the Green. Date ; multiply this " Var. in Ih " by the time short of 24 hours, 
and the product will be the correction ; then, 

If Dec. is increasing, subtract correction* 
If Dec. is decreasing, add correction. 
Note. — Methods 1 and 2 are the simplest; Methods 8 and 4 the most accurate 



No. VI.— TO CORRECT THE SUN'S OBSERVED ALTITUDE. 

1. To the observed Aititnde apply the Index Error as atated ui the 
qneBtion. 

2. Subtract the I>ip for the height of eye. 

(Tab. T, of None ; Tab. 30 of Haper ; Tab. 6 of BoaKr.) 
S. Subtract the Refraction in Altitude. 

(Tab. lY. of Norie ; Tab. 31 of Baper ; Tab. S of Bosser.) 

4. Per the lou>er limb add the temidiatneter token from Nant. Aim. p. II. of 
month J for upper limb subtract the aemidtameter. 

5. Add the Parallax in Altitude. 

(Tab, VI, of Norie ; Tab, 31 of Eaper ; Tab. 7 of Bosser.) 
The result will be the Tnie Aititnde, 



No, VII. — LoNorruDB and Azimuth Pbobleus : — With Lat. and Dec. 
both 0, the Snn mores on the prime Tertjcal, hence the Zenith Distance in lirtg 
ia the Honr Angle ; and Sun hears Ecut with increasing Alt. (at a.m.), but Weet 
with decreasing Alt. (at p.h ) 



TEMPOBAltY RUDDER. 



Fio. 1. FiQ. 2. 

Pass the End of a Chain down the Rudder Trunk, and take it up over the 
stem; lash the end link to a piece of spar (a, Fig. 1) fitted with a blade (b); 
put a mouse (o) on the chain, leaving two or three links drift between it and the 
apar for plaj ; aling a pig of ballast, or other weight, sufficient for immersion, 
at the lower part of the blade fn) ; fit a block (a) for a tackle to trice it up 
clear of the screw in case of mAing stemwaj ; fit guys {v) ; lower the whole 
over the stem, and heave the chain tight until the monse (o) is jammed tight in 
the lower part of the trunk (a) ; secure the chain (n. Fig 3), reeve the guys (p) 
through blocks at the end of a spar across tiie stem (i), and take them to the 
barrel of the wheel When the main piece of the Rudder cannot be unshipped, 
lash a large shackle to the end of the spar, and reeve the chain (j) throngji 
the shackl^ dn^ the bight of the chain over the stem, and draw it tight under 
the counter, securing both ends in board at (k.) — T. H. WITHERS, Examiner 
in Seamanship, London. — (Nautical Maoazini.) 

LONDON : a, lAlHAM, niNTEH, I, ((D"'""')'''* ^ 5^1 ■■"■■ TBAHCI ITIIIT, CITT, XjC. 
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CODE OF SIGNALS 



BRIEFLY EXPLAINED. 



The International Code of Signals for tlie TTbo of All 

Nations is that which on its first publication, in 1857, was known as the 
Commercial Code of Signals. The more comprehensive title, " Intemationaly" 
has been adopted owing to the general acceptance of the Code by all Maritime 
Nations ; and in order to facilitate the means of communication under every 
circumstance, whether between passing Ships, or between Ships and Signal 
Stations placed along the coast, translations of the Code have been made by 
order of the different Governments ; and the Code itself has been so arranged 
that when, from distance or haze, colours cannot readily be distinguished, it 
may nevertheless be used under the form of Distance Signals, and by means 
of a Semaphoric System. 

As candidates for Board of Trade certificates of competency — Masters, Mates, 
and Yachtsmen — are examined as to their knowledge of the International Code 
of Signals, it must be understood that the tendency of the examination is to 
elicit whether the candidate possesses, — 

1. A knowledge of the distinctive features of the Code; 

2. The power of making and interpreting with facility Signals made with 

Flags, as well as Distance and Boat Signals; and — 

3. The power of interpreting Signals made by the Semaphore. 

And, it is fu^her to be borne in mind, that the examination is a practical one 
by means of the Signal Book and models with which the Examiners have been 
fdmished. 

Note. — In the Bzamination Boom the Fla^s are painted on pieces of metal of the 
proper shape, as burgee, pennant, or square flag. The Examiner will naturally tiy the 
Candidate as to his knowledge of the Flags; hence, he may pick up a Flag, and the 
Candidate must say what letter it represents ; or, the Candidate may be requested to point 
out the Flag representing a given letter ; or, the Examiner, after placing the Flags in 
irregular order, may call upon the Candidate to name the whole of them as he takes them 
up in succession. 
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The following hints and remarks, together with the illnstrations, are intended 
to facilitate an acquaintance with the Code, giving at the same time a brief 
description of the Signal Book and the method of using it. 

In the JlrBt place it is necessary to have a perfect knowledge of the 

CODE FLAGS. 

The International CSode of Signals consists of 18 Flags, viz., — 

1 Burgee, 
4 Pennants, and 
13 Square Flags ; 
and in addition a pfmiant called the '' Code Signal," which is also used as the 
" Answering Pennant." 

The 18 Flags represent the Consonants of the Alphabet, viz., B, 0, D, F, 
G, H, J, K, L, M, N, P, Q, R, 8, T, V, and W; these are shown on the 
coloured plate, but may be described as follows : — 

BUROBB. 

B Red, swallow tail : burgee. 

PBKNAKTS. 

White, with Red spot. 

D Blue, with White spot. 

F Red, with White spot, 

G Yellow and Blue {vertical). 

SQUARB FLAGS. 

H WTiite and Red (vertical). 

J Blue, White, and Blue {horizontal). 

K Yellow and Blue (vertical). 

L Blue and Yellow {in four chequers). 

M Blue, with White cross from comers. 

N Blue and White {in sixteen chequers). 

P Blue, with White centre {Blue Veter), 

Q Yellow {(),uarantine flag). 

R Red, with Yellow cross {vertical and horizontal). 

8 White, with Blue centre. 

T Red, White, and Blue {vertical), i.e. Tricolour. 

V White, with Red cross from corners. 

W Blue, White, and Red ; i.e.. Blue border , then White, with Red centre. 

CoDB Signal or Aitowbring Pbkkant. 

Pennant, in alternate Red and White vertical stripes. 

It has been said that these Flags represent certain letters of the alphabet, but 
it must clearly be understood that they do so, not as alphabetical letters, whereby 
a word or set of words (to form a sentence) can be spelt, but as arbitrary 
Signs or Symbols ; and hence, when a hoist is made, whether of 1 Flag, or by 
a combination of 2, 3, or 4 Flags, certain words, or even a completed sentence 
may be indicated, which, by previous arrangement (as through the Code Signal 
Book) can equally be understood by the Mariners of all Nations — since the 
symbolic Flags, however, combined, have the same significance in all languages. 

N.B. — ^It may be as well to repeat what has been stated, that no word, or name of 
person or thing, can be spelt by titie flags at letters; and also, there are no vowels in 
the Oode Flags. 
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llie Flags being known, the next step is to understand the special and 
distinctive character of the various Signals, as indicated hy the Form of the 
Hoist, and Upper Flag, 

At Sea or in Harbour, before making a Signal with Flags, be sure to hoist 
the Ensign with the Code Signal (Pennant) under at the Peak. 

The Flags making the Signal should be hoisted at the Masthead, if possible ; 
or otherwise, where best seen, ' 

DISTINCTIVE CHARACTER OF SIGNALS. 

1. A single Flag, when used, may be the Code Pennant, the White 
Pennant (C), or the Blue Pennant (D), and would have tiie following 
significations, — 

The Code Pennant is also the Answering Pennant. 
i| The White Pennant (C) signifies Tes : (Affirmatiye). 

The Blue Pennant (D) signifies No : (Negative). 

NoTB. — All the other Code Signals are made either with two, three, or four 
Flags in a hoist^ and the special character of the Signal is indicated hy the 
Upper Flag of the hoist. 

2. Signals of TWO Flags with— 

The Burgee uppermost, are Attention or Demand Signals. 

A Pennant uppermost, are Compass Signals.* 

A Square Flag uppermost, are Urgent, Danger, or Distress Signals.f 

3. Signals of THREE Flags^ 

are Oeneral,X and relate to all ordinary subjects of inquiry or 
communication appertaining to Ships and Shipping, Crew, Passen- 
gers, Cargo, Provisions, Books and Instruments of Navigation, 
Lights and Buoys, Soundings, Latitude, Longitude, Time, Weather, 
Winds, Money, Value, Quantity, Numbers, &c., &c, 

* The CompoM Signals are given in points and half points, and are Correct Magnetic; 
those ranging — 

From North to E. ^ N. have the white pennant (C) uppermost. 
From East to S. | E. have the blvc pennant (D) uppermost. 
From South to W. | S. have the red pennant (F) uppermost. 
From West to N. ^ W. have the pennant G- uppermost. 

Under the same heading, each of these pennants with the Flag W underneath indicates a 
Meteorologieat Report. 

f The Urgent Signals range from HB to SD, and the greater part of them are of 
the utmost importance wherever and whenever made : they relate to dittress, danger, 
caption, direcUons to a vessel under neigh or at anchor, fire, leak, various wantSj need of 
assistanoe, &c., &c. A vessel at sea passing in the direction of another flying any sudh 
sigmd i^ould, if possible, immediatelj bear down towards her. 

NC is the special distress signal according to Merchant Shipping Act, 1878. 
PT „ Pilot „ „ „ „ . „ . 

X Among the Oenerat Signals, those with flag F, G, or H uppermost, chiefly relate 
to Latitude, Longitude, Time, Nautical Instruments and Books, Weather, Wind, Storm, 
Fog, Ice, and Sea» 
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4. SignalB of FOUR Flags with— 

The Burgee uppermost, are Geographical Signals* 

The Pennant C, D or F uppermost, are Spelling and Vocabulary 
Signals.^ 

The Pennant G uppermost, are names of Men-of- War.\ 

A Square Flag uppermost, are names of Merchant Ships and also of 
Yachts, X 

Caution. — The Fla>gs to be hoisted at one time, never exceed Four. 

Note, — The Signals, according to their characterifltics, as jnst shown, must be well 
understood, as the Examiner will make a hoist or two, and then, according, to the 
flag uppermost, and the number of flags in the hoist, the Candidate must at once say 
whether — Attention, Compass, Urgent or Distress, General^ Oeographical, Spelling avid 
Vocahtilary, Man-of- War, or Merchant Vessel, 

The Examiner may also request the Candidate to make a Hoist, as **Show me;«i 
General Signal," or " Hoiat a Geographical Signal ;" or he may put it in this form : 
'* Make a Hoist, and tell me its distinctive character," &c. 

Note. — Each Signal has throughout the Code but one signification ; for, with 
the 18 Flags (or Signs), no less than 78,642 different Signals can be made : 
hence the chief reconmiendations of the International Code are distinctive- 
ness, and comprehensiveness. 

EXAMPLES ILLUSTRATING THE FORM OF HOIST. 

(See Coloured Plate.) 
Two-Flag Signal, with Burgee uppermost. 

1. Attention or Demand; B D meaning " What ship is that? " 

2. „ „ B H meaning " Vessels that wish to be reported 

aU well, show your Distin- 
guishing Signals." 

Two-Flag Signal, with Pennant -uppermost. 

3. Compass; G T meaning North by West. 

Two-Flag Signal, with square Flag uppermost. 

4. Urgent, Danger or Distress ; N V meaning *' I am sinking." 

5. „ „ „ P F meaning ** Want boats immediately." 



* A long list of Countries, Ports, Harbours, Islands, Capes, Seas, Gulfs, Bays, Channels, 
&c., are included under this head. 

t Chiefly useful in spelling names, as of Passengers, or for special things and- words 
not included in the code; JEx. — The name Foster is represented in two hoists, thus — 
CBSJ for Fob, and CFNT/(W ter, Also, FGHM signifies ''yes, you must." 

X For these Signals reference must be made to the British Code List for the year, 
which contains the Signal Letters assigned to Men-of- War, Merchant Ships, and Yachts, 
thus — 

G V D J indicates H.M. turret-ship " Thunderer:' 

M B C D is the steamer " Cotopaxi" of Liverpool, of 2,863 tons, and 600 horse-power 

J L T F is the Yacht " Mirage^' of the Royal Yacht Squadron. 
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Thbbb-Flag SiaNAL. 

6. General; D 8 K meaning "Do you come from any port putting you 

in quarantine." 

7. General; G L C meaning " When were your last observations for 

Latitude." 

8. General; H T F meaning "During the Monsoon." 

9. General; L P H meaning " Will the soundings be a safe guide." 

10. General; P Q H meaning "Tell my owner ship answers remarkably 

well." 

Foub-Flag Signal, with Bijbgbb uppbemost. 

11. Geographical; B N C W meaning "Moreton Bay." 

Foub-Flag Signal, with Pbnnant G uppbbmost. 

12. Man-of' War; G T V R meaning " H.M. ship Sultan^ 

Foub-Flag Signal, with Squaee Flag uppbbmost. 

13. Merchant Vessel; K M T V meaning "The steamer Baltic, of Liver- 

pool." 

Foub-Flag Signal, with Pennant C, B, ob F, uppebmost. 

14. Vocabulary; D V K 8 meaning "The steamer is getting ready to 

come off to you." 

15. Vocabulary; D N R K meaning " What is the premium of insurance?" 



DISTANCE SIGNALS. 

The Colours of the Code Flags may be rendered indistinct through excessive 
distance ; or, on the other hand, where the distance is not great, haze will 
equally inteifere to mask the colour, but not the shape, of a flag; in order, 
therefore, that no opportunity of communicating at sea should be lost, a system 
of Distance Signals are introduced to correspond to the Code Flags. 

Also, for the pui^ose of facilitating communication, the Distance Signals, 
hoisted singly and followed by " Stop," have a special signification importing 
urgency. 

The characteristic symbol of the Distance Code is the Ball — one Ball at least 
appearing in every hoist of the Distance Code : the other symbols may be 
Pennants or Square Flags of any colour. 

The arrangement of these symbols in the Distance Signal Code is shown 
on page 7, and it may be a help towards acquiring a knowledge of the various 
combinations by remembering that as regards the Ball or Balls in the various 
hoists — 

The Jlrst column (B to H) contains all the combinations having the Ball or 
Balls first or uppermost in the hoist. 

The second column (J to P) contains all the combinations having the Ball 
or Balls second or separated in the hoist. 

The third column (Q to W) contains all the combinations having the Ball 
or Balls last or lowermost in the hoist. 
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For the Distance Signalfi, an aid to memory may be put as follows — 

B to F haye Ball at top; 
G and H bare 2 Balls at top ; 
J to M bave Ball in middle; 
N and P baye Balls separated; 

to T baye Ball at bottom; 

and W baye 2 Balls at bottom. 

This being nnderstood, with the letters arranged in 3 columns, the following 
is the distribution of the pennants and flags in each column: — Pennant and 
Square Flag; Square Flag and Pennai^t; 2 Pennants; 2 Square Flags; 
1 Pennant; 1 Square Flag. 
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SiGKivioATiovs of the DisTAvoB Signals when made singly, which will be 

indicated by the ^^ttop*^ following each Hoist. 



B. 



0- 
D. 
F. 

G. 



Asks name of ship, or Signal 
Station in sight. 

Tes. 

No. 

Repeat Signal, or hoist it in a 
more conspicuous place. 

Cannot distinguish your Flags. 
Come nearer, or make Distance 
Signals. 

H. You may communicate by the 
Semaphore, if you please. 

Stop, or bring to. Something 
important to communicate. 

Haye you any telegrams 
despatches for me? 

L. Want a pilot. Can I haye one? 

M. Want a tug. Can I haye one? 



J. 
K. 



or 



N. What is the Meteorological 
Weather Forecast? 

P. Calls attention of Signal Station 
in sight. 

Q. Vessels asks for orders by tele- 
graph from owner, Mr. 

at . 

(See QN., Part I., and In- 
structions thereto,) 

R. Report me by telegraph to my 

owner, Mr. ^ at . 

(See QN., Part I., and It^ 
structions thereto.) 

S. Send the following message by 
telegraph. 

T. Send the following message by 
the Signed Letters, through the 
telegraph. 



In addition to the aboye, the following Distance Signals composed of Two 
SymboU haye the special signification indicated beneath. 




You are nmning 
into Danger. 




Fire : or Leak. Want 
immediate assistance. 



h 



Short of Proyisions. 
Starving. 




Aground. Want 
jimmediate aaaistanoe. 
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General Alphabbtigal Table for Composing Distance Signals. 



Preparative 



h 



Answering 



and also 
Stop after each complete Signal. 



B 





F 




G 



J 



K 




L 






P 




^ 

^ 



Annul Signal. 







i*-B^^MMMj 






V 





J^cte, — The Candidate must be well np In eyeiy part of the Distance Code : be able to 
make a hoist, or name a hoist, as required ; and reply as to the special signification of each 
Signal. The Examiner is furnished with 2 black balls, 2 black Square flags, and 2 black 
pennants for the purpose of testing the candidate's proficiency in this department. 
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SEMAPHORE SIGNALS. 

Semaphore niAets are famished with Three Arms, which arc used as follows 
in the representation of any of the Distance Signals : — 

1. The Disc at the top of the mast indicates that signab are being made by 
the IfUematianal Code, and it mnst remain there whilst so signalling. It is a 
large hlack disc with white rim. 



\ 



2. Any carm 
pointing dawn- 
wards 



8. Any arm 

in a horizontal 

position 



4. Any arm 
^pomUng upwards 



B 








k 



r 




r. 



N 



V 



k 











represents a 

PENNANT. 



represents a 
BALL. 



represents a 
FLAG. 



When the arms are not working they are not yisible, bnt lie parallel with 
the masts. 

The Semaphore Signals are always to be read off as Distance Signals ; and a 
single Semaphore letter (or symbol) has the same signification as a Distance 
Signal when made singly. 

All commnnications between passing ships and the Semaphores are to be 
made exclusively hy the Signals of the International Code. 



BBIETLT BXPLAINXD. 9 



BOAT SIGNALS. 

The Symbols for Boat Signals are : — 

1. Two square flags, or handkerchiefs, or pieces of cloth. 

2. Two long strips of cloth, or parts of a plank, or pieces of wood longer 
than broad,— (for pennants). 

8. Two bails, or hats, or round bundles, or backets. 

With these any of the distance Signals can be made— holding the Symbol 
at Arm's length ; and the Signal is to be made from right to left and read from 
left to righty thus : — 

n9^ •J""" Equivalent to Ball above Pennant, or 

Ar mi ** You are Running into Danger.'' 

IL L 



J. 






Signifying 
'' Accident ; want a Surgeon." 




"Stop;" or Finish after each complete signal. 



In making Boat Signals it is important to use only the proper means tx) 
attract attention, and to avoid those that may occasion confusion, or misinter- 
pretation. 



The various kinds of Signals — as Flags, Distance, Semaphore, and Boat — 
together with the distinctive character of the Hoists, being well understood, it 
remains to know How to Use the 



SIGNAL BOOK. 

Every Candidate will be examined as to his capacity in making or 
interpreting a Signal ; it is therefore necessary that he should have a practical 
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knowledge of the book containiDg the *^ International (Commercial) Code of 
Signals for the Use of aU Nations," and which for breyitj may be called the 
Signal Book. 

In the Signal Book the Combinations of Flags forming the entire series of 
Signals from B to F Q M D follow in consecutive order, so that with very 
little trouble, and with ordinary intelligence, a Signal can be made or deciphered, 
as the case requires. 

The book consists of seyeral parts but it is only necessftry to explain Parts I. 
and IL» 

Part I. contuns, in successive order — 

The 2-Flag Signals, of which remember that those with Square Flag 

uppermost, when made at sea, should never be disregarded, as in all 

probability they may indicate danger or distress. 
The 3- Flag Signals for general communications and enquiries, as between 

passing ships, or a ship and a shore station ; to these succeed the 

Numeral, Address, and Alphabetical Tables ; and, finally, 
The 4:-Flag Signals with Burgee uppermost, all of which are Oeo- 

graphical. 

Part II. commences with 

The Alphabetical Spelling Table, which is a 4-Flag Signal, and is 
followed by a 

Vocabulary and Index to the Signals in Part I.; and note that the 
arrangement is, in this portion of the book, alphabetical, after the 
manner of a Dictionary ; every Signal which has appeared in Part I. 
is inserted in its proper alphabetical order, with the Signal Letters 
placed to the right. But there are also many additional 4-Flag Signals 
which are not included in Part I., and for these the Signal Letters 
are placed to the left ; th^y begin with C H B D and end with 

FGMD 

■ 

The Alphabetical Geographical Index closes Part II. 

For MaJdHgr a Signal reference should invariably be made to Part 11. of 
the Signal Book. 

To Interpret or Read a Signal reference should be made to Part I. of 
the Signal Book, unless it be a 4-Flag Signal other than a Geographical one, in 
which case it will be found in Part II. to the left of the column. 

But /or a Ship's Name reference must be made to the Code List for- the year. 



THE BRITISH CODE LIST 

is supposed to form Part Y. of the Signal Book. It contains a List of Ships 
to which Distinguishing Signals have been allotted for the purpose of enabling 
their names to 1^ made known at sea, with the object of reporting their where- 
abouts to the owners, or to others interested, through the medium of the public 
journals. 



* It IB zecommeiided to look through a Signal Book while reading these obsenratiQiis. 
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Q, Are there any means of distingaisliing the character of a signal made by 

the International Code of Signals ? 
A. Yes, I know its general meaning by the number of flags in the hoist, and 

the upper flag. * 
Q, I make a two-^&g Signal, a square flag being uppermost, what is it ? 
A. An Urgent, Danger or Distress Signal. 
Q, A passing ship runs up a/cwr-Flag Signal, a square flag being uppermost, 

what does she mean ? 
A, She is a Merchant Vessel giving her Name. 
Q. Let me see you hoist a General Signal ? 

The candidate should hoist a three-Fl&g Signal. 
Q. You have made a signal, and the reply is by the pennant C, what does it 

signify ? 
A. "Yes." 
Q. The shore signal station hoists a two-Fl&g Signal, the burgee being 

uppermost, what does it mean ? 
A, It calls Attention, asks a Question, or Demands something. 
Q. A passing vessel hoists a /owr-Flag Signal, the pennant Q being upper- 
most, what does she indicate. 
A. Her Name, as a Man-of-Wai\ 
Q. Show me a Compass ISignal ? 

The candidate should hoist a two-FlsLg Signal ; one of the pennants, 

O, D, F or G being uppermost, and any flag undertieath except W. 
Q. I hoist a pennant with the flag W beneath, what is the signal ? 
A, A meteorological report. 
Q. In twO'FlsLg Signals with a pennant uppermost, can you distinguish the 

part of the compass indicated, according to the pennant ? 
A, Yes : C indicates some point in the N.E. quadrant, D the S.E. quadrant, 

F the S.W. quadrant, and G the N.W. quadrant. 
Q. In signalling, what is the greatest number of flags in a hoist ? 
A. Four. 
Q. I hoist a /owr-Flag Signal, the burgee being uppermost, what do I 

indicate ? 
A. A Geographical Signal. 
Q. According, to the Code Book how many significations can any special hoist 

have ? 
A. Only one signification. 

Q, In reply to a question, I hoist the pennant D.'what do I mean? 
A. " No." 

Q. Pick up the letters that spell your name. 
A, The flags as letters will not spell my name. 
Q« When intending to signalize with the flags of the International Code, 

what do you do first? 
A. Hoist the Ensign with Code Signal under it, at the peak. 
Q. And where do you run up the signals ? 

A, At the masthead ; or otherwise, where most likely to be seen. 
Q. Spelling your name by the International Code, how many flags would you 

have in the signals ? 
A. Four, the pennant C being uppermost ; except for a single letter, which 

would be a three-^&g signal with W uppermost. 
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Q. Spell jour name ? 

lie candidate should here turn to the beginning of Part II. of the Signal 

Book ; then, supposing the name to be '* Wihoiiy^ he should hoist 

O F W D for IFt, D N Q for U, and C D V N for on, 
Q. AyJwr-Flag Signal, the Pennant 0, D or F being uppermost, is what? 
A, If C is uppermost it may be Spelling or Vocabulary ; with D or F 

uppermost it will be Vocabulary. 
Q. Name the Flags for the distress signal according to the Merchant 

Shipping Act, 1878 ? 
A. NO. 

Q. What Flags do yon hoist for a pilot ? 
A. PT. 
Q. Among the General Signals, when F, G or H is uppermost, what is 

indicated ? 
A, Latitude, Longitude, Time, Wind or Weather. 
Q. You purpose making a signal, to what part of the Signal Book do you 

refer for the sentence. 
A. To Part IL 

Q. A signal is made to you, where do you look for the interpretation 7 
A, To Part I. of the Signal Book. 
Q. When are the Distance Signals used. 
A, When the colours of the Flags could not be distinguished. 
Q. A passing vessel hoists ball, with pennant, and square flag underneath, 

what signal letter does it represent and what is asked ? 
A, B. asking ship's name. 
Q. How would you reply ? 
A. By hoisting in succession the Four Distance Signals representing the 

signal letters of my ship. 
Q. You want a pilot, what Distance Signal would you hoist ? 
A, L, that is pennant, ball, pennant. 
Q. Hoist M in the Distance Signals, and tell me what you mean by it ? 

The candidate should hoist square flag, ball, and square flag, and answer 

" want a tug, can I have one ? *' 
Q, Describe in succession the four Distance Signals composed of Two 

Symbols ? (See bottom of page 6.) 
Q. In the Semaphore Signals, describe the position of the arm for flag, 

pennant, and ball ? (See p. 8.) 
Q. What is placed at the top of the semaphore mast, and why is anything put 

there ? 
A, A black disc with white rim, indicating that the signals are made by the 

International Code. 
Q. The Semaphore Signal man Axes the upper two arms horizontally, and 

the lower arm pointing upwards, what Distance Signal is indicated ? 
A, Distance Signal H. 
Q. Describe the Boat Signals ? (^S^e^ p. 9 ) 
Q. How are they made and in what direction read ? (See p. 9.) 
Q. Where do you find the signal letters of your ship. 
A. In the British Code List. 
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INTERNATIONAL STEERING AND SAILING RULES. 

From the Order in Council^ dated ^th Jcmuary^ 1863. 

REGULATIONS FOR PREVENTING COLLISIONS AT SEA, &c. 

Preliminary. 

Art. 1. In the following Rules every Steam Ship which is under Sail and not 
under Steam is to be considered a Sailing Ship ; and every Steam Ship which is 
under Steam, whether under sail or not, is to be considered a Ship under Steam. 

Rules concerning Lights. 

Art. 2. Lights : — The Lights mentioned in the following Articles numbered 3, 4, 
5, 6, 7, 8, and 9, and no others, shall be' carried in all Weathers from Sunset to 
Sunrise. 

Art. 3. Lights for Steam Ships: — Seagoing Steam Ships, when under weigh, 
shall cany: — 

(a.) At the Foremast Head, a bright White Light, so fixed as to show an 
uniform and unbroken Light over an arc of the Horizon of 20 Points of the 
Compass ; so fixed as to throw the Light 10 Points on each side of the Ship, viz., 
from right ahead to 2 Points abaft the Beam on either side ; and of such a 
Character as to be visible on a dark Night, with a clear Atmosphere, at a Distance 
of at least Five Miles ; 

(6.) On the Starboard Side, a Green Light so constructed as to show an- 
uniform and unbroken Light over an Arc of the Horizon of 10 Points of the 
Compass ; so fixed as to throw the Light from right ahead to 2 Points abaft the 
Beam, on the Starboard Side ; and of such a Character as to be visible on a dark 
Night, with a clear Atmosphere, at a Distance of at least Two Miles : 

(c.) On the Port Side, a Red Light, so constructed as to show an uniform and 
unbroken Light over an Arc of the Horizon of 10 points of the Compass ; so fixed 
as to throw the Light from right ahead to 2 Points abaft the Beam on the Port 
Side ; and of such a character as to be visible on a dark Night, with a clear 
Atmosphere, at a Distance of at least Two Miles : 

(c?.) The said Green and Red Side Lights shall be fitted with inboard Screens, 
projecting at least Three Feet forward from the Light, so as to prevent these 
Lights from being seen across the Bow. 

Art. 4. Lights for Steam Ships, when Towing: — Steam Ships, when towing 
other Ships, shall carry Two bright White Mast-head Lights vertically, in addition 
to their side lights, so as to distinguish them from other Steam Skips. Each of 
these Mast-head Lights shall be of the same Construction and Character as the 
Mast-head Lights which other Steam Ships are required to carry. 

Art. 5. Lights for Sailing Ships : Sailing Ships under weigh, or being towed, 
shall carry the same Lights as Steam Ships under weigh, with the Exception of the 
White Mast-head Lights, which they shall never carry. 

Art. 6. Exceptional Lights for small Sailing Vessels: — Whenever, as in the 
Case of small Vessels during bad Weather, the Green and Red Lights cannot be 
fixed, these lights shall be kept on Deck, on their respective sides of the Vessel, 
ready for instant Exhibition ; and shall, on the approach of, or to other Vessels, be 
exhibited on their respective Sides in sufficient Time to prevent Collision, in such 
manner as to make them most visible, and so that the Green Light shall not be 
seen on the Port Side, nor the Red Light on the Starboard Side. 

To make the Use of these portable Lights more certain and easy, the Lanterns 
containing them shall each be painted Outside with the Colour of the Light they 
respectively contain, and shall be provided with suitable Screens. 
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Art 7. Lights for Ships at Anchor : — Ships, whether Steam Ships or Sailing 
Ships, when at Anchor in Roadsteads or Fairways, shall exhibit, where it can best 
be seen, but at a Height not exceeding Twenty Feet above the Hull, a White Light, 
in a globular Lantern of Eight Inches in Diameter, and so constructed as to show a 
clear uoiform and unbroken Light visible all round the Horizon, and at a DlBtance 
of at least One Mile. 

Art 8. Lights for Pilot Vessels :— Sailing Pilot Vessels shall not carry the 
Lights required for other Sailing Vessels, but shall carry a White Lig^t at the Mast- 
head, visible all round the Horizon, — and shall also, exhibit a Flare-up Light every 
Fifteen Minutes. 

Art. 9. Lights for Fishing Vessels and Boats : — Open Fishing Boats and other 
open Boats shall not be required to carry the Side Lights required for other Vessels; 
but shall, if they do not carry such Lights, carry a Lantern having a G-reen Slide on 
the one side and a Bed Slide on the other side ; and on the Approach of or to other 
Vessels, such Lantern shall be exhibited in sufficient time to prevent Collision, so 
that the Green Light shall not be seen on the Port Side, nor the Bed] Light on the 
Starboard Side. 

Fishing Vessels and open Boats when at Anchor, or attached to their Nets and 
stationary, shall exhibit a bright White Light.^ 

Fishing Vessels and open Boats shall, however, not be prevented from using a 
Flare-up in addition, if considered expedient^ 

Bulbs ooncbrning Fog Signals. 

Art. 10. Fog Signals : — ^Whenever there is a Fog. whether by Day or Night, the 
Fog Signals described below shall be carried and used, and shall be sounded at least 
every Five Minutes ; viz. : — 

(a.) Steam Ships under weigh shall use a Steam Whistle placed before the 
funnel, not less than eight feet from the deck : 

(h.) Sailing Ships under weigh shall use a Fog Horn : 

(c.) Steam Ships and Sailing Ships, when not under weigh, shall use a BelL 

Steering and Sailing Bules. 

Art 11. Two Sailing Ships Meeting: — If two Sailing Ships are meeting End on 
or nearly End on, so as to involve Bisk of Collision, the Helms of both shall be put 
to Port, so that each may pass on the Port Side of the other. 

Art 12. Two Sailing Ships Crossing : — When two Sailing Ships are crossing so 
as to involve Bisk of Collision, then, if they have the wind on different Sides, the 
Ship with the Wind on the Port Side shall keep out of the Way of the Ship with 
the Wind on the Starboard Side ; except in the Case in which the Ship with the 
Wind on the Port Side is close hauled and the other Ship free, in whicn case the 
latter Ship shall keep out of the Way ; but if ^hey have the Wind on the same 
Side, or if one of them has the Wind aft, the Ship which is to windward shall keep 
out of the Way of the Ship which is to leeward. 

* Lights required by the Sea Fisheries Act, 1868, to bb cabsibd by English 
AND French Boats Concerned in Drift- Nbt Fishing. 

1. No boat shall anchor between sunset and sunrise on grounds where drift-net fishing is 
actually going on. 

This does not apply to anchorings which may take place in consequence of accidents, 
or any other compulsory circumstances; but in such case the master of the boat thus 
obliged to anchor shall hoist, so that they shall be seen from a distance, two lights placed 
horizontally about 3 feet (I metre) apart, and shall keep those lights up all the time the 
boat shall remain at anchor. 

2. Boats fishing with drift-nets shall carry on one of their masts two lights, one over 
tiie other, 8 feet (1 metre) apart. To be kept up during all the time their nets shall be in 
iiie sea between sunset and snnzise. 
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Art 13. Two Ships under Steam Meeting: — If two Ships under Steam are 
meeting End on or nearly End on bo as to involve Bisk of Collision, the Helms of 
both shall be pat to Port, so that each may pass on the Port Side of the other. 

Art. 14. Two Ships undbb Steam Crossing: — If two Ships under Steam are 
crossing so as to involve Bisk of Collision, the Ship which has the other on her own 
Starboard Side shall keep out of the way of the other. 

Art. 15. Sailing Ship and Ship under Steam : — If two Ships, one of which is a 
Sailing Ship and the other a Steam Ship, are proceeding in such Directions as to 
involve Bisk of Collision, the Steam Ship shall keep out of the way of the Sailing 
Ship. 

Art. 16. Ships under Steam to Slacken Speed : — Every Steam Ship, when ap- 
proaching another Ship so as to involve Bisk of Collision, shall slacken her Speed, 
or, if necessary, stop and reverse ; and every Steam Ship shall, when in a Fog, go at 
a moderate speed. 

Art. 17. Vessels overtaking other Vessels: — Every Vessel overtaking any 
other vessel shall keep out of the way of the said last-mentioned Vessel. 

Art 18. Construction of Articles 12, 14, 15, and 17: — Where by the above 
Bules One of Two Ships is to keep out of the Way, the other shall keep her Course, 
subject to the Qualifications contained in the following Article. 

Art. 19. Proviso to save Special Oases : — In obeying and construing these Bules, 
due regard must be had to all Dangers of Navigation, and due regard must also be 
had to any special Circumstances which may exist in any particular Case rendering 
a Departure from the above Bules necessary in order to avoid immediate Danger. 

Art 20. No Ship under any circumstances to neglect proper Precautions : — 

Nothing in these Bules shall exonerate any Ship, or the Owner, or Master, or Crew 

thereof from the Consequences of any Neglect to carry Lights or Signals, or of any 

neglect to keep a proper Look-out, or of the Neglect of any Precaution which may 

be required by the ordinary Practice of Seamen, or by the special Circumstances of 

the Case. 



ADDENDA TO THE BEOULATIONS FOB PBEVENTING COLLISIONS AT 

SEA. 

From the London Gaaette^ August 4^A, 1868. 

Steering and Sailing Bules: — ^Whereas there has been doubt and misappre- 
hension concerning the efEect of the two Articles 11 and 13. 

Her Majesty, by virtue of the powers vested in Her, and by and with the advice 
of Her Privy Council, is pleased to make the following additions to the said Begu- 
lations by way of explanation of the said two recited Articles ; that is to say : — 

The said two Articles numbered 11 and 13 respectively, only apply to cases where 
ships are meeting end on, or nearly end on, in such a manner as to involve risk of 
collision. They, consequently, do not apply to two ships which must, if both keep 
on their respective courses, pass clear of each other. 

The only cases in which the said two Articles apply, are, when each of the two 
ships is end on, or nearly end on, to the other ; in other words, to cases in which, 
by day^ each ship sees the masts of the other in a line, or nearly in a line, with her 
own ; and, by nighty to cases in which each ship is in such a position as to see both 
the side lights of the other. 

The said two Articles do not apply, hy day, to cases in which a ship sees another 
a-hecui crossing her own course ; or, by night, to cases where the red light of one 
ship is opposed to the red light of the other ; or where the green light of one ship 
is opposed to the green light of the other ; or where a red light without a gpreen 
light, or a green light without a red light, is seen a-head ; or where both green and 
red bghts are seen anywhere but a-head. 
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ROCKET AND MORTAR APPARATUS. 

Instbuotions fob thb Guidance of Masters aiyd Seamen when using the 
Appabatus fob Savinq Life, in Gases of Shifwbegk. 

In the -event of your vessel stranding within a short distance of the United 
Kingdom, and the lives of the crew being placed in danger, assistance wUl, if 
possible, be rendered from the shore in the following manner ; namely — 

1. A rocket or shot, with a thin line attached, will be fired across your vesseL 
Get hold of this line as soon as you can, and when you have secured it let one of the 
crew be separated from the rest^ and, if in the daytime, wave his hat or his hand, 
or a flag or handkerchief ; or, if at night, let a rocket, a blue light, or a gun, be 
fired ; or let a light be displayed over the side of the ship, and be again concealed, 
as a signal to those on shore. 

2. When you see one of the men on shore, separated from the rest, wave a Bed 
flag, or (if at night) show a Red light, and then conceal it, you are to haul upon the 
ro^et line until you get a tailed block with an endless fall rove through it. 

3. Make the tail of the block fast to the mast about 15 feet above the deck, or if. 
your masts are gone, to the highest secure part of the vessel. When the tail 
block is made fast, and the Kocket line unbent from the Whip, let one of the crew, 
separated from the rest, make the signal required by Art. 1 above. 

N,B. — The tail block being fitted with a swivel will enable you to take out the 
turns (if any) in the endless fall, without unbending the block. 

4. As soon as the signal is seen on shore, a hawser will be bent to the whip line, 
and will be hauled ofiE to the ship by those on shore. 

5. When the hawser is got on board, the crew should at once make it fast to the 
same part of the ship as the tail block is made fast to, only about 18 inches higher, 
taking care that there are no turns of the whip line round the hawser. 

N,B. — ^The turns can be prevented by bringing the end of the hawser up between 
the two parts of the endless fall. 

6. When the hawser has been made fast on board, the signal directed to be made 
in Art. 1 above is to be repeated. 

7. The men on shore will then pull the hawser taut, and by means of the whip 
line will haul ofE to the ship a slin?, cot, or life buoy, into which the person to be 
hauled ashore is to get and be made fast. When he is in, and secure, one of the 
erew must be separated from the rest, and again signal to the shore, as directed in 
Art. 1 above. The people on shore will then haul the person in ike sling to the 
shore ; and when he is landed, will then haul back the empty sling to the ship for 
others. This operation will be repeated until all persons are hauled ashore from 
the wrecked vessel. 

8. It may sometimes happen that the state of the weather and the condition of 
the ship will not admit of a hawser being set up ; in such cases a sling or life-buoy 
will be hauled off instead, and the shipwrecked persons will be hauled through the 
surf, instead of along a hawser. 

Masters and crews of stranded vessels should bear in mind that success in landing 
them in a great measure depends upon their coolness, and attention to the rules here 
laid down / and that by attending to them, many lives are annually saved by the 
Mortar and Hocket Apparatus on the coasts of the United Kingdom. 

The system of signalling mtist be strictly adhered to / and all women, children, 
passengers, and helpless persons should he landed hefore the crew of the ship. 



QUESTIONS AND ANSWERS 
FORE AND AFT SEAMANSHIP. 



CUTTER RIG. 

Q. What is a Cutter Rig? 

A. One mast, bowsprit fitted to nin out and in, and jib set flying ; the chief 
sails are fore-and-aft mainsail, gafif-topsail, foresail, and jib. 

Q. What is a Sloop Rig? 

A» One mast and fore-and-aft sails like a cutter, but a standing bowsprit ; the 
jib is set upon a standing stay with hanks ; a square topsail, topgallant 
sail set flying, and gaff topsail, are sometimes carried. 

Q. What is a Yawl or Dandy Rig? 

A, A fore-and-aft mainsail, gafif topsail, foresail, and jib^ are carried as in a 
Cutter; in addition there is a 'small mizenmast stepped in the stem, upon 
which is set a mizen, the sheet of which is led to the end of a horizontal 
spar projecting oyer the stem ; the foot of ihe mainsail is shorter to allow 
the boom to traverse clear of the mizenmast. The Dandy is a similar 
rig, but should strictly have a jib-headed mizen and no boom to the 
mainsail, that it may be easily brailed up by a rope passing round it. 

Q. How many shrouds on a side are usually fitted in these Rigs ? 

A., Three. 

Q. Any other gear? 

A, Yes, a runner and tackle with pennant on each side abaft the rigging. 

Q. What are they used for? 

A. They act as backstays for the lower mast, and are also used for hoisting a 
boat or other heavy weight out or in. 

Q. To what portion of the hull is the fore stay secured? 

A, To the stemhead. 

Q. Do fore and aft vessels often house and send up their topmasts ? 

A. Yes ; and for this purpose the mast or heel rope is kept rove in readiness. 

Q. What precautions are generally taken to prevent the mast from falling 
when housed, in addition to keeping the mast-rope rove? 

A. The bight of a rope (about two or three fathoms long, with an eye spliced 
in each end) is seized on to an eye bolt, on the heel of the topmast ; the 
ends of the rope are seized on to the foremast shroud of the rigging, one 
on each side, so that when the mast is housed, the legs form an angle of 
about 45^ with the heel of the topmast. This is generally a fixture, 
sufficient drift being allowed for the mast to be housed or sent aloft, 
without taking the seizings off. 

Q. How is a Cutter's topmast rigging fitted? 

A, It is cut short so that it can be set up when the topmast is lowered without 
putting a sheepshank in it. 

Q. Describe it. 

Af It is led from the topmast head through the cross trees^ below which, and 
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in the end, a thimble is spliced. From this to the channels of the 
rigging it is set up with a tackle. Short lengths, called legs, fitted with 
clip-hooks, or shackles are used to giye the required length when the 
topmast is sent aloft. 

Q. How is the bowsprit gear fitted? 

A. With two single blocks, or a runner and tackle (the latter in a large vessel). 
Shrouds have the tackle on the inner end ; bobstay, the tackle on the 
outer end, with a liue on the bight to trice it up with when required. 

Q. How would you reef a Cutter's bowsprit ? 

A. Slack up all the gear. Reeve a heel rope and heave taut upon it, and take 
out tiie fid. Slack the bowsprit in to the second or third fid hole, as 
required, ship the fid, and then set up the gear. 

Q. How are the topping lifts fitted? 

A, Single or double from the masthead to the boom end (in small vessels). 

Q. Describe them. 

A. The standing part is hooked on to the boom and led through a block on 
the cap at the masthead, from thence on deck, and there set up with a 
runner and tackle. Double ones are fitted with the standing part on 
the cap, and led thence through a single block at the boom end and back 
to a block at the cap, thence to the deck. In large Cutters a single one 
is fitted on each side of the boom,* and rove through a block under the 
eyes of the rigging. The lee one is overhauled slack, or unhooked, to 
keep the chafe off the sail when set. 

Q. How are the peak halliards rove? 

A, Through two blocks on the gaff, and two at the masthead, to which the 
standing part is secured. The hauling part is led from the lower block 
at the masthead to the deck. 

Q. How is the peak line rove, and what is it used for? 

A, As a single whip through a small block at the gaff end. Used for hoisting 
the ensign or signals, and for hauling the gaff down. 

Q. How is the luff of the mainsail bent? 

A, Bent on to hoops round the mast, or with hanks from the throat down to 
the third reef, from thence a lacing. 

Q. Why? 

A, To trice the tack up, or take the reefs in with greater facility, by slacking 
up the lacing or unreeving it. 

Q. How is the tack tricing Hue fitted? 

A. A single block on the tack of the sail, a single block and the standing part 
under the jaws of tl^e gaff; from thence it leads on deck. 

Q. How are the reef pennants of the mainsail fitted? 

A. With a wall knot or Matthew Walker on one end. 

Q. How are they rove? 

A. From down up, through the cleat on one side of the boom, through the 
corresponding reef cringle on the after part of the sail, and down through 
the sheave on the other side of the boom. 

Q. How is the stay foresail fitted? 

A, With hanks on (or by a lacing to) the stay. The sheet sometimes travels on 
an iron rod or horse across the deck. A bowline bridle on the after 
leach, with a line fitted to the foremost shroud to keep the sail to wind- 
ward when boxing off in stays. 

Q. How would you set a jib? 
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A. Hook on the haUiards to the head of the sail, the tack to the trayeller, 
shackle on and helay the sheet- slack, hoist the sail nearly up with the 
halliards, then haul the tack out. Set tight the halliards, and haul aft 
the sheet. (Set on the lee side of the foresail.) 

Q. How is the gaff topsail sheet rove? 

A. From the deck through a block under the jaws of the gaff, from thence 
through a sheaye or a block at the gaff end. 

Q. How would you take a gaff topsail in? 

A. Lower the halliards, and haul on the downhaul, until the head of the sail 
is down to the cap of the masthead, hold on the halliahis, let go the 
sheet, and trip up. When the sail is clewed up, let go the halliard^y 
and haul it down by the tack and downhaul. 

Q. How is the gaff topsail downhaul fitted ? 

A. The standing part on the clew of the sail, and through a single block on 
the head of the sail (if it is jib headed); if set with a yard on the head, 
the block is on the inner yardarm. 

Q. How is the square sail yard fitted in a Cutter? 

A, With a strop and thimble on the midship part of the yard, this travels 
on a wire rope jumper, set up from the masthead, to the deck, at the fore 
part of the mast. The yard is usually carried up and down the mast 
when not in use. When in use, it is squared by lifts from the lower 
masthead, and by braces leading affc. 

Q, How would you set a squaresail? 

A. Lower the foresail down, hoist up and square the yard, bend on the yard- 
arm whips to the earings, and the foresail halliards to the middle of the 
head of the sail, hitch the lizard on the jumper to the midship halliards, 
hoist up and trim. A downhaul is bent on to each halliard. 

Q. How would you take it in? 

A, From the head.* Keep the tack and sheet fast. Slack off and haul down 
outer halliards as low as possible. Then let go midship halliards, haul 
on the downhauls, and gather in the sail. 

Q. How would you reef a mainsail? 

A, Lower throat and peak halliards sufficient to take in the reef required, 
hook on reef tackle to reef pennant, and bowse the reef cringle down on 
to the boom, pass the tack earing, tie the reef points, and reset the sail, 
hoisting throat taut up before the peak. 

Q, How would you take in the balance reef, the third reef being in? 

A, Ease the peak sufficiently to allow the jaws of the gaff to come close down; 
when down pass throat earing, and hook on tack tackle, reere the points, 
tie them, and set up the peak halliards. 

Q. Suppose your mainsail has no balance reef? 

A, I would scandalise the mainsail. 

Q. What is scandalizing the mainsail? 

A. Tricing the tack up, and lowering or dropping the peak. 

Q. Where does the boom guy lead to when running before the wind? 

A. Outside the rigging, and in board, to the fore part of the bowsprit bitts. 

Q. What is a jib topsail, and how is it set? 

A. A small light duck jib, set flying from the lee side, from the bowsprit end 
to the topmast head, the luff of the sail in length being about a third of 
the length of the topmast stay. When set, the taek is about as far from 
the bowsprit end as the head is from the topmast head. 
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Q. What is a balloon jib 7 

A, A large jib of light make, nsed only in light winds ; it extends from the 
bowsprit end to the main riggmg. 

Q. What is a spitfire jib? 

A, A very smaU jib, of No. 1 canvas, for stormy weather. 

Q, What canvas wonld yon reach under, in a gale, with heavy sea? 

A. Three reefed mainsail, double reefed foresail, and storm jib. 

Q What canvas would you heave to with, heavy gale and sea? 

A, Balance reefed mainsail. 

Q, How would you get under weigh? 

Heave short, loose sails, hoist the mainsail, trice, the tack up, and overhaul 
the main sheet. Heave the anchor up, when ofif the ground run the 
foresail up, with sheet to windward, helm down, boom well off; as soon 
as the anchor was up. Let draw fore sheet, shifb the helm, haul in the 
main sheet, set the jib, and down tack of the mainsail. 

Q. How would you tack? 

A. Down helm, slack off jib sheet, haul in main sheet ; as soon as she comes 
head to wind, haul over jib sheet and main boom. As soon as the jib 
fills, let draw the fore sheet and trim sail. 

Q. How would you wear round? 

A, Slack off the main sheet, up with the helm, and if necessary trice up the 
tack and drop the peak. When before the wind, shift over the mainboom, 
get the head sheets over, and as she rounds to, haul in main sheet and 
down tack of mainsaU. 

Q. You are running before the wind, and wish to gibe, what precautions should 
you take ? 

A. Gibing either in a Cutter or Schooner requires great care, otherwise 
it is dangerous, as the bights of the main sheet may (as the boom 
is going over) sweep everything off the deck they come in contact 
with, and (the manoeuvre is the same in both classes of vessels) the 
chances are that the main boom may be sprung, or the sail split, when 
the boom is brought up with a jerk, after going over. In a light breeze 
and smooth water it may be done with a whole mainsail set, but in a 
strong breeze in a sea-way it requires preparation and care. The first 
thing is to reduce the power of the mainsail ; this is readily done by 
tricing up the tack of the mainsail, and dropping the peak ; when this 
is done, the best way is to quarter the wind (if running with it aft) and 
haul in the main sheet, unhook the guy before putting the helm up, and 
gather in quickly as much of ihe sheet as possible, while the vessel is 
paying off and the boom is going over. When you have brought the 
wind on the other quarter, hook on your guy, slack off the main sheet, 
trim and make sail. 

Q. Suppose your masthead broke off just above the eyes of the rigging, and 
carried away your peak halliards and its blocks, how would you set your 
mainsail? 

A, With three reefs, and hoist the peak of the gaff with the lee boom topping 
lift. 

Q, Your lee boom topping lift is broken, or carried away? 

A. I would rig a span from the jaws to the end of the gaff, hook the throat 
halliards on to the middle of the span, and hoist the gaff with it. 
Your bowsprit is carried away near the gammon iron? 
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A. Luff-up and heave-jto, by putting down the helm, and hauling fore-sheet to 
windward. Trice up the tack of the mainsail, drop the peak, and haul 
in the main sheet; parbuckle bowsprit alongside to leeward, secure 
the jib and gear, take the shroud iron off the end, unreeve the inner 
stump of the bowsprit from the bitts. Reeve the long or outer end of the 
bowsprit through the bitts and gammon iron, put on the traveller and 
shroud-iron, sheepshank shrouds and bobstay, run out the bowsprit, 
lash the heel to the bitts, keeping the sheave in the outer end, fair up 
and down. Set up shrouds, bobstay and topmast stay. Bet a small 
jib, put the helm up, trim and make sail. 

Q, Fore stay is carried away. What would you do ? 

A. Put the helm up. Trice up the tack and drop the peak 'of the mainsail, 
ease off the main sheet, keep the wind a point on the quarter — ^if dead 
aft the mainsail might jibe ; down foresail ; put a stout double strop 
round the bowsprit outside the stem, and clear of the other gear; 
lead the runners and tackles forward, hook them on to the strop 
on the bowsprit, and set them up ; haul on a wind, haul in the boom 
sheet, and lower the main boom on to the rail (to take the weight of 
it off the masthead); and then set up runners and tackles again, before 
making sail. 

Q. Your bowsprit shroud is carried away. What would you do ? 

A. In a strong breeze keep her off, with the wind on the quarter. Ease in 
the jib halfway, hoist it well up, and trim the sheet (or bend a smaller 
jib) after securing the shroud with a shroud knot if it was rope, — ^if it 
was chain, and no shackle at hand, reef knot it, — stop the ends, set up 
the gear, trim and make sail. 

Q. How would you anchor on a wind ? 

A. Trice up the tack of the mainsail, take in the jib, slack and trice up the 
bobstay, put the helm down, when she comes up head to wind, meet her 
with the helm, let the foresail run down, keep her head to wind until 
she loses headway, then let go the anchor, and pay out chain. When she 
is brought up, lower the mainsail, and furl sail. 

Q. How would you anchor when running? 

A. Haul the head sails down, slack and trice up bobstay, trice up the tack of 
the mainsail and drop the peak, put the helm down, haul in the main 
sheet to amidships ; when she comes head to wind, keep her so with the 
helm, until she loses headway. Let go the anchor, pay out chain, lower 
the mainsail, and furl sails. 

Q You are on a wind ; heave to so as to allow a boat to come up alongside ; 
smooth water, light wind ? 

A, Trice tack of mainsail up, ease the boom and jib sheets well off. Bowse 
foresail sheet to windward, and keep the helm down. 

Q. Suppose you were in a strong breeze ? 

A. In addition to the above, I would haul the jib in, and lower the peak of the 
mainsail down. 
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SCHOONER RIG. 



What is a Fore-and-Aft Schooner Rig? 

A, That of a Schooner without a square topsail, in place of which she sets a 
fore gaff-topsail. Small ones, and some racing craft, have a Gntter^s 
bowsprit, to run out or in. 

Q. What is a Topsail Schooner Rig? 

A, A fore-and-a^ mainsail and gaff-topsail upon the mainmast ; gaff foresail, 
and staysail set on the fore stay and one or two jibs, square topsail and 
top gallant sail on the foremast, and with a standing bowsprit. 

Q. Where is the fore stay usually set up ? 

A» Generally to a bull's-eye in an iron band on the bowsprit, just inside or 
outside the stem. 

Q. How is the mainmast stayed? 

A. With a triatic stay or jumper. That is a stout stay from one lower 
masthead to the other. 

Q. Are any other stays used for this mast? ^ 

A. Yes, in large Schooners, a double stay, set up with a runner and tackle, 
to eye-bolts near the waterways, one on each side, about the after part 
of the fore rigging. In harbour, both are set up. When under weigh, 
the lee one is let go, to be clear of the trysail. 

Q. How are the peak halliards of the mainsail roye? 

A. Through three single blocks on the masthead, and two on the gaff. The 
hauling part on one side on deck, and the standing part on the other, 
the latter being fitted with a gun-tackle purchase. 

Q. How are they used when setting the mainsail? 

A. Hoisted tight with the hauling, and then set up with the standing part. 

Q. How is the outer end, or clew of mainsail secured ? 

A, Generally shackled on to a traveller, with about three feet drift, to slack 
up, when the sail shrinks with wet. 

Q. How are the tack tricing lines fitted ? 

A, With a gun-tackle purchase ; a single block on the tack of the sail, and 
one underneath the jaws of the gaff; from this the hauling part leads 
on deck. 

Q. How are yangs fitted? 

A. With pennants or blocks on the gaff. With the first, a gun tackle purchase ; 
with the second, single whips. Yangs are now seldom used in yachts. 

Q. How are boom topping lifts usually fitted ? 

A, In small vessels from the boom end to the mainmast head leading on deck. 
Single block on boom end, the standing part and single block at mast- 
head. In large vessels they are fitted one on each side; they are hooked 
on to the main boom, half way between the sheet block and the reef 
chocks. They then lead through blocks on the cheek of the mast (under 
the eyes of the rigging) on to the deck, where they We set up with a 
runner and tackle. 

Q, Where is the reef tackle of the mainsail usually kept? 

A. It is hooked on to eye-bolts under the mainboom. 

Q. How are the reef pennants fitted? 

A, One end is a Matthew Walker, or double wall knot, and it is then rove 
through an eye-bolt or bee block, on one side of the boom, then through 
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the cringle on the after leech of the sail, and down throngh a chock or 
bee block (which has a sheave in it) on the other side of the boom. 
This end is made fast to the tackle when reefing. 

Q. What is generally used for reef pennants ? 

A. Rope, plaited hide, or chain covered with parcelling. 

Q. Where is the storm trysail gaff usually carried? 

A, On the top of the mainboom, in chocks or beds, in large vessels. 

Q. Proceed to get under weigh, and cast to starboard. 

A. Heave short. Set gaff foresail and mainsail. Trice the tacks up. Loose 
the head sails, and set the square topsail, brace up with the poi-t braces, 
and then heave up the anchor. When the anchor is off the ground, run 
the jib up. (Starboard the helm.) When the anchor is up, fill the 
topsail, down tacks and make sail ; shifting the helm as soon as the 
topsail is filled. 

Q. How would you put the vessel about, or tack? 

A. See the ropes clear fore and affc. Mainstays (when fitted) clear, the lee 
one ready for setting up, when she comes head to wind, and the other 
for letting go. Put the helm down, haul in the main sheet, ease off jib 
sheets. When head to wind, haul over head sheets, keeping the stay 
foresail to windward, to help to box off. As soon as she is sufficiently off 
fill the square topsail, let draw the stay foresail, and trim sails. Shift 
gaff topsail tack and main tack tackle over to windward. 

Q. How would you wear the vessel round ? 

A, Trip up, or haul down the gaff topsail, haul up the tack of the mainsail. 
Let go the peak halliards if needful, ease off the main sheet, and put the 
helm up. As she pays off, round in the weather braces, and haul in the 
slack of main sheet. As she comes round, shift the main boom over, 
brace up the yards, hoist the peak of mainsail, down main tack, trim sails 
and set gaff topsail. 

Q. Suppose your weather boom topping lift broke while you were close hauled, 
what would you do ? 

A. Haul taut the lee one until the other was spliced. 

Q. The lee one was unhooked to prevent chafe? 

A. Li that case I would ease off the gaff topsail sheet, also the throat and 
peak halliards, to lower the boom on to the rail, secure it there till the 
lee one was shifted over to windward. Hook it on, and trim mainsail. 
Splice the broken one, and send it aloft for a lee one. 

Q. Being on a wind, proceed to trim sail so as to keep the wind nearly dead 
aft, say about a point on the quarter. 

A. Hook on the guy pennant to the main boom, and pass it outside of the lee 
main rigging, bring the end inboard to the lee waist, hook on the guy 
tackle from the windlass bitts ; trice up the tack of the mainsail ; put 
the helm up, check the yards, ease off boom sheet, and take in the slack 
of boom guy tackle ; haul flying jib down. 

Q. How would you set the square sail? 

A. Haul down the stay foresail. 

Q. Why? 

A. Because the sail would not draw, and the halliards are wanted for the 
midship halliards of the square sail. 

Q. Proceed, 

A, Hook on the yard whips to the head cringles, and the stay foresail halliards 
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to the middle of the head, hoist np and trim, haying a downhanl to eachi 

halliard. 
Q. Describe how yard arm whips are fitted. 
A, The standing part of whip and a single block on the yard arm, a hook block 

on the sail. The whip leads from the yard arm to a block on the yard 

trass, or to the lower mastheads From thence on deck. 
Q. How would yon take in the squaresail, supposing it was blowing a strong 

and increasing breeze ? 
A. 81ack away the yard arm whips, hauling in on the downhauls, when they are 

down as low as possible, slack away the midship halliards, and gather in 

the sail. (Tack and sheet to be kept fast till the sail is down.) 
Q. What is to prevent the head of the sail blowing away from you when you 

let go the midship halliards? 
A. The lizard, which is bent on to the middle of the head of sail, before 

hoisting it up. 
Q. Describe this. 
A, A thimble with a rope tail ; this travels on the topsail sheet in light winds, 

or on a wire rope jumper, from the masthead to the deck. A downhanl 

is usually bent on to it. 
Q. How would you reef the square topsail? 
A. Lower the yard down. Trim with the braces to keep the sail on the lift. 

Haul out reef tackles, haul taut buntlines and clewlines. Send men 

aloft to reef. 
Q. With a reef in, and the sail set, how would you shake it out? 
A. Lower the yard down, haul the braces taut, haul out the reef tackles, let go 

the reef points, ease off the earings, overhaul the gear, hoist the yard up, 

and trim with the braces. 
Q. How would you reef the mainsail? 
A, Haul the boom well in, hook the tackle on to the reef pennant. Lower 

the throat and peak halliards sufficient to take in the reef, haul on the 

reef tackle till the cringle on the after leach of the sail is down on the 

boom. Pass the tack earing. Tie the reef points. Hoist up throat 

and peak, and trim sail. Take in the slack of the vangs (if any) and 

peak line* 
Q. You are ranning with the wind on the port quarter, moderate wind, smooth 

water. The man at the helm lets her ran off so as to bring the wind on 

the starboard quarter; what would you do? 
A. Hard-a-starboard the helm, let go the peak halliards, and trice the tack of 

the mainsail up. When she has come back, hoist up the peak and down 

with the tack. 
Q. Suppose this happened in a strong breeze, what danger would you appre- 
hend, supposing your guy pennant had broke ? 
A. That the bight of the boom sheet, as the boom was going over might sweep 

everything off the deck that it came in contact with. The sudden jerk 

also might spring the boom, or start the jaws of it.' 
Q. What is meant by the term goose wing ? 
A. Running with the gaff foresail guyed out on one side, and the mainsail on 

the o&er. 
Q. Where do the guys lead ? 
A, Main one between the fore and main rigging to the windlass bitts, and the 

Fore one through a block at the bowsprit end, 



-.i 



FORE AND AFT SEAMANSHIP. 9 

Q. Suppose you were running in a gale, with the wind dead aft, what canvas 
would you carry ? 

A. Close reefed square topsail. Having the storm trysail and stay foresail 
reefed and ready for setting when required. 

Q. Your topsail blows away, and the vessel will not keep ahead of the sea. 
What would you do ? 

A. Down helm, and heave to under the storm trysail. 

Q. On what occasion would you set your storm trysail in preference to a close 
reefed mainsail ? 

A. When it was likely that I should be compelled to heave to, or when the 
sea was getting heavy. 

Q. Why in the latter case ? 

A. To take the weight of the main boom off the mainmast head. I would 
secure main boom in the crutch or on the rail before setting the storm 
trysail. 

Q. Describe a storm trysail. 

A, It is made of storm canvas (roped in proportion) either with a jib head or 
with three cloths in the head ; if the latter, it is bent on to a short 
gaflf, and hoisted up as far as the throat halliards of the main gaff wUl 
take it. The clew is hauled aft by a luff tackle on deck. The luff of the 
sail is either laced round the mast or fitted with rope beckets, on which 
travelling trucks are rove. 

Q. Why is it made to hoist so high? 

A. To catch the wind in a heavy sea. 

Q. How would you gibe it if you were taken aback? 

A, By the weather tackle, which is hooked on over the main boom, and gaff. 
The peak halliards of the latter, and the topping lifts of the former 
being unhooked, and taken into the mast, to be out of the way of the 
storm trysail. 

Q. You are in a gale, no storm trysail on board. What canvas would you 
heave to under? 

A, A balance reefed mainsail. 

Q. Describe a balance reef. 

A, It is used after the third or close reef has been taken in. The eyelet-holes 
for the reef-points extend from the close reef cringle on the after leach 
up to the throat earing (in small vessels), but in large vessels from the 
cringle in the after leach to about two or three feet below the throat 
earing, and on to the luff of the sail, where a cringle is worked in to 
hook on the tack tackle. 

Q. How would you take in a balance reef, close reef being in? 

A. Ease the peak halliards to take the strain off the after leach, lower the 
jaws of the gaff dowfl by the throat halliards. Hook on the tack tackle 
to the cringle on the luff of the sail, reeve the points, tie them, set up 
throat and peak halliards, shorten vangs if any and peak line. 

Q. Under sail on a wind with a jump of a sea, what precautions would you 
take to prevent the main boom from jerking up and down? 

A, ' A guy for this purpose is usually put on the boom, about half-way between 
the stern and the lee main rigging. It is usually called a lazy guy. 

Q. Describe it, and how it is put on ? . 

A. A stout rope (about three fathoms) with a thimble in one end ; this is 
clove hitched round the boom, leaving the thimble about a foot below 
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the boom. The bight of the rope is then put under a cleat or chock, 
and the end roye through the thimble and belayed. It can be let go and 
cleared in a moment. 

Q, In a Topsail Schooner. You lose yonr. bowsprit ; it breaks off outside of 
gammoning ; you are on a wind. What would you do7 

A, Shorten sail, clear away the wreck, and secure the head stays to the stump 
of the bowsprit. 

Q. You are running in the Atlantic to 'the eastward, under 'a three-reefed 
mainsail, close reefed fore trysail, and double reefed stay foresail. The 
wind at South West, with heavy sea and rain. Your foremast carries 
away about six feet abore the deck, taking the fore tpysail and stay 
foresail with it. The triatic stay had broken the^head of the mainmast 
off above the eyes of ithe rigging, when the foremast fell and also broke 
the peak halliards of the mainsail, which caused 'the peak of the main 
gaff to drop. What would you do ? 

A. Port the helm, round to on the starboard tack, and clear -away the wreck. 

Q. Why on the starboard taek? 

A, Because it would prevent gibing, and as the wind would draw round to the 
westward, the vessel would come up and head the sea. 

Q. What would you do next? 

A, Balance reef the mainsail, and lay •to till the weather moderated, attending 
to the pumps during the interval. 

Q. How would you hoist the peak of your main gaff 'with oi balance -reef in, 
the masthead and peak halliards having carried away above the rigging ? 

A. Hoist the peak of the gaff up with the lee boom topping lift. 

Q. The foremast being gone, she will not lay* to with a balance reefed mainsail. 
What would you do ? 

A. Lower it down, and try her under bare poles. 

Q. What would you do when it moderated ? 

A. Take the main boom and rig it for a foremast, and after it was secured to 
the stump of the old mast I would take the storm main trysail and gaff 
and rig and set it as a fore trysail. 

Q. How would you set your mainsail without a boom? . 

A. Treble reefed, with^t luff*taokle for a^eheet. 

Q. How would you proceed to ship youir main boom a& a foremast? 

A, Unship the boom <froHL mainmast. iGkt the jaws of the boom against the 
stump of foremast on the deck. Lift the after end of the boom, with 
one of thc'boom topping lifts, high enough for a tackle from the bowsprit 
to bowse it perpendicular, having a guy on each side to k«ep the head 
of the boom amidships. 1 would clove hitch a warp over the upper end 
of the boom for two stays before hoisting the boom up. For shrouds I 
would use the two main boom topping lifts, one on each side, which are 
fitted with a runner and tackle. When perpendicular, lash and wedge 
the heel of the boom to the stump < of foremast. 
Q. How would you anchor in the Downs, wind at S.W., tide setting North- 
East, and you were running in from the southward ? 

A. Shorten sail to stay foresail and scandalized mainsail. Starboard the 
helm, haul down stay foresail, haul in the main sheet, and round to to 
leeward of Deal Baii^ Buoy. When 'head to wind, keep her so till she 
has lost headway. Down anchor and pay out chain. Lower the mainsaQ 
and furl sails. 
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Q. ^(Hr'WOpM>;oii mpor? 

A. Bring ap with beat bower anchor, slack away chain (say about sixty 
fathoms), and if the veisel would not drift to a position suitable for 
letting go the second anchor, send ont a kedge anchor with a warp, and 
warp her to it. Let go the second anchor, slack away the cliain, 
heaTiDg in the best bower chain al the same time, until I bad eqnal 
lengths out on both cables. 

Q, How would you proceed to unmoor ? 

A. Slack away on the weather cable, heave ap the lee anchor, cat and fish it ; 
then heave ebort on the weather cable, ready for getting under weigh. 

Q. What is a lee tide 7 

A. A tide setting to leeward, and with the wind. 

Q. How would you tend a Tesael in a tideway? 

A. A light vessel to leeward, a loaded vessel to windward. 

Q. Suppose you were at aEchor in a calm, how would yon keep the chain clear 
of the ^BChor 7 

A. By heaving in the cable quite short without tripping the anchor. 

Q. What is meant by tide-rode? 

A. Swung round by the tide, and riding head to it, at anchor. 

Q. What is meant by wind-rode ? 

A. WTien swung round by the force of the wind at anchor. 

Q. How would you place a kedge in a boat for carrying ont 7 

A. Stock over the stem, fiukes in the boat on a plank or spar for canting 
overboard. 

Q. How would you carry out a bower anchor 7 

A. The crown under the boat with a slip rope, and a ring rope over the stem. 

Q. You are on a lee shore, on anchorage ground, she will not stay, and there 
is no room to veer, how would you get her round ? 

A. Unshackle lee anchor, bend on a warp from the lee quarter, let go the 
anchor when the helm is put down, gather in the slack, and hold on the 
warp, this will check her round. When round slip the warp, 

Q. How would you construct a raft to resooe a crew 7 

A. Three spare spars lashed as a triangle, with water casks lashed inside of 
the triangle, and small spare spars lashed on top. 
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SIGNAL STATIONS & SEMAPHORES. 

Signal Stations have been established at many conspicuous places along the coasts 
of Great Britain and Ireland, and similar stations, as well as Semaphores, have been 
erected on the coasts of many of the maritime nations of Europe ; these stations have 
wherever practicable, means of inter-communication by telegraph wires with each 
other, and with the chief Telegraphic Stations of the Continent and Great Britain. 
No other Signals than those of the International Code are recognised. 

The Colonies and India also nse the International Code to the exclusion of all 
others. 

A homeward hound ship passing another ship should hoist B P W, " do you wish 
to be reported '' ; and report the Distinguishing Signals given in reply. 

SIGNALS OF DISTRESS. 

In the day-time^ whether used or displayed together or separately, 

1. A gun fired at intervals of about a minute. 

2. The International Code signal of distress indicated by N 

3. The distance signal, consisting of a square flag, having either above or below it 

a ball, or anything resembling a ball. 

At nighty whether used or displayed together or separate^/. 

1. A gun fired at intervals of about a minute. 

2. Flames on the ship, (as from a burning tar-barrel, oil-barrel, &c.) 

3. Rockets or shells, of any colour or description, fired one at a time at short 

intervals. 
" Any Master of a vessel who uses or displays, or causes or permits any person 
under his authority to use or display any of the said signals, except in the case of 
a vessel being in distress, shall be liable to pay compensation for any labour under- 
taken, risk incurred, or loss sustained in consequence of such signal having been 
supposed to be a signal of distress, and such compensation may, without prejudice 
to any other remedy, be recovered in the same manner in which salvage is 
recoverable." — (Merchant Shipping Act^ 1873.) 



SIGNALS FOR PILOT. 

In the da/g-Hmey whether used or displayed together or separately. 

1. The Jack or other national flag usually worn by merchant ships, having round it 

a white border one-fifth of the breadth of the flag, to be hoisted at the fore : or 

2. The International Code pilotage signal indicated by p T 

A t nighty whether used or displayed together or separately. 

1. The Pyrotechnic light, commonly known as a blue light, every fifteen minutes ; or 

2. A bright white light flashed or shown at short or frequent intervals just above 

the bulwarks, for about a minute at a time. 
^^ Any Master of a vessel who uses or displays, or causes or permits any person 
under his authority to use or display, any of the said signals for any other purpose 
than that of summoning a pilot, or uses or causes or permits any person under his 
authority to use any other signal for a pilot, shall incur a penalty not exceeding 
twenty pounds." — (Jierohant Shipping Act, 1873.) 



INDEX TO ADVERTISEMENTS 
OF YACHTING REQUISITES. 



Pftge 

Atkby & Son ; Yacht Fitters and Ship Chandlers 2 

Bknzib, S. ; CiystalJeweUeiy 8 

Braird & Co. ; Preserved Provisions 3 

BuBGH, N. P. ; Marine Engines, &c 9 

Cablikgfobd Lough Hotels, Ibblaio), A. R Wegg, Manager 4 

COLWELL, Majob; South of England Yacht Agency 6 

DowiTTOX & Co. ; Patent Closets, &c. 13 

DuTTOK, T. O., lithographic Portraits of Yachts ... 9 

Got Sc Co. ; Outfitters ... ... ... ... ••• ... ... ••• ••• 6 

Hbabdeb & Son ; Fishing Tackle, &c 7 

HiNB Bbothebs ; Wine Merchants, &c 11 

Mbbbyweatheb & Sons ; Yachts' Fire Engines 10 

The London Yacht Agency 8 

WiLBON, C, late Nobie k Ca ; Charts and Yachting Requisites 11 



Price £3 3s. 

YACHT DESIGNING, 

By DIXON KEMP. 

A LARGE IMPERIAL FOLIO VOLUME, containing nearly Forty 
Plates of the lines of celebrated racing yachts, inclnding Sappho 
(American), Aline, Cambria, Livonia, Egeria, Seabelle, Kriemhilda, Fiona, 
Butterfly, lona, Vol-au-Vent, Vanessa, Bloodhound, Lily, &c. The plates 
also include the lines on large scales of ten tonners, Ave tonners, Brighton 
beach boats ; centre-board boats for river and coast work, &c. ; canoes for 
sailing, &c. The text is amply illustrated by diagrams. 
London : 0. WILSON, late Norie & Wilson, 157, Leadenhall Street, E.C. 
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ATKEY & SON'S No. 1 R.Y.S. COOKING 

■ APPARATUS. 



all TonnagreB. 



PASCALL ATKEY & SON, 

YACHT FITTERS and SHIP CHANDLERS, 
INT&NTORS and UANUFAOTTTBERS 

OP THE 

Patent Ualnalieet BufE^rs, 

Wilton and other Porcelain Stoves, 

Veotls Deck and Side Lights, 

Regulation Side and Anohor Lamps, 

Saloon Lamie for Oil, Paraffin, and Candles. 

Also Yacht Fittings of all descriptionB, and to Boit all tonnageG. 



ISLE OF WIGHT & SOUTH OF ENGLAND GALVANIZING WORKS, 
WEST OOWES. 

ESTABLISHED 1799. 

Ulnstnted Catalogaee and EBtimateB free on application. 



BEAN^D & Co., 

No. 11, LITTLE STANHOPE STREET, 

HERTFORD STREET, MAYFAIR, 

LONDON. 



PRESERVED PROVISIONS for YACHTS. 

SOUPS OF ALL DESCRIPTIONS. 

TURTLE SOUP— CJlear or thick. 

BEEF— Alamode, Hashed, Boiled, Spioed, Stewed, Fillets, 
Roasted, &o. 

VEAL— Tendons, Outlets, Frioandeau, Ourry, &o. 

MUTTON— Roasted, Boiled, Harioot, Hashed, Irish Stew, 
Cutlets, &o. 

OHIOKEN— Ourry, Ohioken and Rioe, Ohioken Broth. 

LAIIB— Roasted, Outlets, Lamb and Peas, &o. 

ENTREES— Salmi Pheasant, Partridge or Orouse, Roast 
ditto, Oivet of Hare, Ourry of Rabbit, Sco, 



YORKSHIRE PIES, GAME PIES, POTTED MEATS, TONGUES, 

OXFORD SAUSAGES, &C. 



^^^■^^■^^^^^■^M^^^^^^^^^^^^^^^^^^ 



CONCENTRATED BEEF TEA GLAZE, ESSENCE OF 
BEEF, SAVOURY MEAT LOZENGES, &c. 



^^^^v^^^^^M^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^a^^ 



CAUTION !— BEWARE OF IMITATIONS. 

EACH CASE BEABS THE FIRMS' SIGNATURE AND ADDRESS, WITHOUT 

WHICH NONE ARE GENUINE. 



Messn. DEAB & HOBaAN, OF WEST 00WE3, ABB THB AGENTS 

THEBB FOB THE SALE OF THB ABOVE. 



THE MOUSNE & WOODSIDE HOTELS, 



Rostrevor, Garlingford Lough, Ireland. 

The only safe harbour between Dublin and BelEast. A sale and well buoyed entrance, 

with plen^ of watoi at low tide. In Rostrevor Bay wUl be fonnd excellent anchorage, 

with perfect thelterfrom all jvimdt and sea. 

TACHTSMEH wiU find fitBtrdaBS accommodation in the above EotelB ; which are 
iitifated on the Main Road between WWrenpoint, RoBtrenor, and Newcastle, and com- 
niaods unrivalled Views of Mountain Scenery, nnsnrpaaeed, for grandeur, by any in 
Ireland, The Hotels are surrounded by their own Ornamental Gronnda, Flower Oard^ 
Lawns, Itc, and command views of Carlingtord Loogh and Mountains on one side, with 
the cbarming Slier Bftn Honntain and Wood on the other. 

Of Rostrevor Quay— the Halubrity of the air and the purity of the water, its invigo- 
rating effects in snmmer and winter, and the beauties of the place is superfluona to 
speak. Aa a winter residence also, the dryness and high temperature of Kostrevor 
Qoay is shown by concluaive and traatworthy testimony, and is confirmed by compara- 
tive tables of winters in other loc^ties. Norton and Shaw's Two-Hoxsc Toorist Cara 
(tart d»ay from the Hotels, for Newcastle via Kilkeel. The only Hotels commanding a 
(oil and uninterrupted view of Carlinglord Lough. 



BILLUBD8. BKA BATHING AND BOATING. 

First-class Stabling in connection with the Hotels. Posting in all its branches. 

Norton and Shaw's Omnibua awaits the arrival of all Trains at Warrenpoint, to conw 

Cengeri and their luggage direct to the Hotels. The Garlingford Lough Yacht Club 
its Clnb-room in connection with the Hotels. Direct Luggage, kc, to Rostreror 
Hnxj. Tails of charges post free on application to A. R. Wbgq, Manager. 

NORTON & SHAW, Pbopbibmwb. 
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steam Lanncbea boilt on the abortest notloe, and at tbe Msaal prloee, 

witb or witboat tbe Wigzell and Halaej Patent Engine, but 

that Engine la stronglj reoommended. 

SOUTH OF EN6LAND YACHT ASENCY, 

Sole Proprietor : MAJOR OOLWELL, 

Offices: 92, HIGH STREET, PORTSMOUTH, 

De^t and Stores at tlie entrance of the Harbour on the East Shore. 

Snrre^B ukd Inspections made. Contracts entered into for Fitting Oat, or 
for Delivering Yacbta at an; Port or Place at Home or Abroad. 

InBurances effecW against all risks, or otherwise, at moderate rates. 

Agents or Correspondents at all the principal Yachting Stations. 

Small Vessels are taken charge of for Bale, or safe cnstody only, and their 
gear placed in the Agency Stores, at a cost of One Bliilling per diem, bat while 
so stored are at their owner's own nek of fire or tempest. 

Estimates given for Engineering in all its branches, and Small Engines taken 
charge of and Stored at One Shilling per diem. 

For placing a Yacht upon the Books for Sale or Hire no Entrance Fee will 
be charged. 

No charge whatever will at any time be made after a Yacht has been placed 
on the Books, excepting when business has been brought abont, but items 
especially ordered, such as separate advertisements, photographs, lithographic 
plans, inventories, &c,, &c., will be charged for, the prices for which being first 
forwarded for approval and approved of before the work is carried out. 



Sole Agent in the County of Hampslilre and Isle of Wight 
for the ^' Wigzell and Halsey," Patent Three and Two- 
Cylinder Engmes, for Steamers, Launches, or other purposes. 

Also lor 

"Martin and Go.'8" Patent Anti-roullng Composition for 
Yaohts, Ships, or Boats, whether hullt of Wood or Iron. 



YAGHTIISG .OUTFITTER. 



QOY'8 STORE 

lOB WIBT DB80BIPTX0H 
OF 

Uniforms, 

TaUbring, Shirts, 

Boots, Shoes, 

Oilskins, 

Waterproofs, 

Oabin 
Fomitxire, 

Bedding, 

Kess Utensils 

Hosiery, 

OlOYOB, 

Ties, 
Soarves, 
Toilet Requisites, Ck)llars, 
Rugs, Bags, Portmanteaus. 
Umbrellas, 6feo., &o. 



or 

OUTFITTER 



:^X«l W//a 



LEADENHAliSIREEL 

STREET 
iONDON.E.C. 



(Extracted from the ** Mer- 
cantile Shipping t Register^* 
September 80iA, 1876. 



CiTT IHPBOYSMBNTS.— 

The old establlBhed goieral 
ontfltting business of Meeers. 
Q-oyand C!o., so long carried 
on at 36j Leadenluill-street, 
has been removed to the 
extensiye premises recently 
erected at the comer of Lime 
Street. It seems bnt the 
other day that the old houses 
standing on this site were 
demolished, and now there is 
their place a noble and 
commanding edifice, 
which forms quite an 
ornament to Leaden- 
hall and Lime-streets. 
The large extent of 
room wldch the new 
premises contain has 
given Messrs, Gk)y 
& Co. an opportunity 
to display their new 
and wied stock to 
much better advan- 
tage than heretofore, 
and we are pleased to 
see that they have 
not been slow in 
availin|[ themselves of the occasion. This 
firm enjoys a well known reputation in the 
Merchant Service for the uniform good quality 
of the articles supplied, and amongst the Mer- 
chant Shipping community for the prompt and 
complete manner in which th^ execute 
indents entrusted to their care. 



ESTABLISHED 1817. 



DROWNING IMPOSSIBLE!!!! 

Sole Agent for A. Richard's Patent Life Saving Coat, Prices 25s. and 50s. ; 
a most inyalnable invention ! Inspection invited 1 no Yachting or Boating man 

should be without one. (Suit Lady or Gentleman.) 

GOY'S AMATEUR'S CANTEEN. Price 50s. 

Weight 13 lb. ; Diameter 9 inches ; Height 9 inches ; will Boil, Grill, Fiy, and Broil, 

anywhere, and in any weather, however rough. Indispensible to Yachtsmen, Boating* 

men. Campers-out, Explorers, Squatters, and Picnic Parties. 

Owners. Captains, and Orews snpplied with Uniforms, Gnernseys, Hats, 
Claps, Kibbons, Boots, Shoes. &o. Also Table Linen. Bedding, &o., for 

whioh we shall oe pleased to snbmit Estimates. 

N»B, Immediately on receipt of Telegram am, Experienced Atiigtant can he sent to 
meatwe the Crew, thus avoiding the necessity of the men leaving the Tacht. 

A Room has been set apart for the use of Yachting Gentlemen, for Meeting, 

Correspondence, &c., without charge. 

Pbice Lists and Self Mbasubbment Instbugtions Fbbb on Application. 



C^reat variety of Stock, Newest Fashions and Free Delivery to any part of England. 

TERIVI8-CA8H ONLY, 



TO AND 

' EXPLORING 
H.M, GOVERNMENT EXPEDITIONS, 




MtDALE An^. 
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HEARDER & SON'S 

WHOLESALE & RETAIL DEEP SEA, KIVER & LAKE 

FISHING TACKLE MANUFACTORY, 

(ESTABLISHED 1770.) 

195, UNION STREET, PLYMOUTH. 

(TVomiBOy remitnw.) 



n the Net. 

HEARDEB'S OTTER TRAWLS, on tbe same principle as tbe above. 
TRAUUllL NETS. 

From 6 to 12 feat deep, and from 10 to 60 fBthoma long. Wuranted to trap more &ih tlun any 

other TnunmeU made, being conetcncCed OD BcientiSc principlee. 

SEINES, SET NETS, DRAG NETS. TUCK NETS, STOP NETS, 

^R^ Other kind of NeS can be seen at their Man^actory^ 

HbabdbB a Sou's lines are wananted not to kink oc foul, an objectiDn with all other Uaker'a 
Idnea. They being practical FiBheimeD of over Sfty years' experience, can gnarantce that the 
above liasa are mounted with all their latost improiementa, and are far anperior in rig and 
■trengtb to any Lines yet oSered to Fiehermen. 
Im-t stool „^_ 

and Tarlety enoMi'a 

in the United ^Wj 

mnBdom. (gjg„ 



WholeBale ftBlvar* 

Importers of n ocron 



LONDON YACHT AGENCY. 

R.W.T.O. ) HONV. ) ___- 
»( Ireland. | AQENOY. J ^•°'^°- 

PICKERING PLACE, 3, ST. JAMES'S-STREET. 

Statfon in Lo&don for Taohts Lying np : Victoria Dooka. 

About 200 STEAM and SAILING YACHTS are nsnaUy upon the Books 
of this Agency for SALE or HIRE. 

PURCHASEBS or HIRERS will please forward their reqairemente a« to 
rig, tonnage, age, accommodation, £c.; particulars will then be sent of each Teeaels 
88 are most likely to snit them. 

OWNERS degirooB of SELLING, EXCHANGING, or LETTING, wiU 
find this Agency a read; medium, and terms for pladng Uieir Yachts npon its 
Books will be forwarded on i^plicatiou. 



SurreyB, Inspeotlona, and Valuations. 

Altering, Repairing, or Bnildtng Superintended. 

YaohtB taken ohai^ oC 

Agents or Correepondents at the Tarions Yachting Stations in the United 
Kingdom, Channel Islands, France, &c,, &c. 



BENZIE'S 
YACHTING CRYSTAL GOODS, 

With any Burgee, Radng, or Private Flag, Engrayed in Real Crystal and 
Enamelled in Colors, mounted in Strong IS-Carat Hall-marked Gold. 
Patterns >— Wheel. Life Bnqy. Bope Border. 

Brooches or Locketa £e 10 £6 10 £4 10 

Bairinga BOO 600 360 

fileere Solitaires SCO 600 350 

ScBzf Blnga (18>Carat) 2 10 le-Car&t 2 E 

Bent to any part of tbe world (on receipt of Pott Office Order or Cheqne). on apprvral 

Simpson'' benzie, 

NAUTICAL JEWELLER, 
OOWES. 



BURGH'S 




PATENT 



ECONOMICAL COMPOUND ENGINES, 



Bpeoially suitabls !ot 

Taobta, Lannohes, 

Fflrr7ltioata, 

Bud other similar Craft. 

Where m»-e Spetd, 

Smaller Space, ^ Leeier 

Wtight are of ike uimotl 



Improved Engine 

Particnlarlj adapted 
for their Tachte, 
because all the 

Working Parti are 



The weight of these Engines ia one-half of the Ordinary Compound Engine. The SJeMn 
IB worked for the entire revolution of the Crank Pin, by which means one-half of the 
Steam is naed on]y in ooraparison with other Endues. ^__ 

THE « OOLLIS-BROWNE PROPELLER." 



Thia Propeller has been 
proved to be the only 
one that hee no Vibra- 
tiou. IB capable of 
ftopping a Ship nnder 
way in leas time than 



X 



any Propeller known, 
while at the same time 
a (preater speed can be 
obtained, comparatively, 

for "going-B-bead," 
while also it steera the 






IS the tide. 



Extract o/tke Admirahy TriaU of the " Collii-Brw 



and " Thomeycroji " Propellers.— 1^16. 





Oollls-Browno. 


,^^. 


Snpsriorltj 
GolUs-BrowDS 






99 lbs. 


viB. 

89.18 ItB. 






























^^^ ™^ 
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Power of stopping afler going astern ;— 
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B.4 F«C, IwB 

















ABim««»— N. P. BURGH, 

Prendmt of the Inelitution of Marine Engtn 



, COBNHILL, E.C. 



10 

MEKETWEATHEB'S PATENT YACHT FIEE ENGINE, 

This ENQINE, ihongh special]; 

designed for the Extjuctioii of Fire, 

may be used on board Vessels for 

any of the numerous purposes for 

which Puuips are required. In the 

accompanying IHustratiou it ia shown 

wetting sails. No Yacht should be 

without one for the following beaidea 

many other reaaoiiB :— 

ITS EFFICIENCY.— It does the 

work cd an ordinary Ship's Pump, 

beaideg being nniqne as a Fire 

Engine. 

ITS PORTABILITY.— It can be 

worked by one ™«ri ; it is very 

light, weighing only 30 lbs., and 

occupies but little apace, 

ITS ECONOMY.— Price, complete 

with auction and deUveiy hose, 

branch pipe and nozzle, coupling 

ecrewB and strainer, and strong 

chest to contain the whole when 

lis 16s. 

Illustrated deacriptiTe Circulars 
with full particulara may be obtained 
on application to 

MEHRYWEATHER & SONS, 
62, LoNo AoBE London, W.C, 



CLABK-HUSSELL'S LOG. 

This is the only Log that ehowB the speed of a 
vessel at a glaoce, without timing. It is made 
fast on some convenient part on board, the log- 
line is thrown into the sea and hooked on to ihe 
ilinl, and the band of the dial cornea round to 
tlie figure that denotes the speed. 

It accurately tests a yacTit's sailing qualiiiee, 
unA will eliow velocity under all degrees of 
steam-pressure. 

It is specially adapted for racing purposes, and 
s universally j'ecognised as the most useful, con- 
lient, and inttrentiijg [(iKtriiiUL-nt of the kind ever invented. 

Price £5, or with Extra Line as reoommended £6. 



C. WILSON. 

(NORI E AND Wl LSON), 

157, LEADENHALL STREET, LONDON, 

Who can also Supply MASSEY'S HEW DECK LOG & SPEED GAUGE, 

Also KBYNOLD'S PENDENT LOG, aad MiSSEY and WALKBB'3 

TOWING LOGS. 
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HINE BROTHERS, 

spirit, ani gottUd %\t Pntknts, 

MARLAND PLACE, 

SOUTHAMPTON. 



Owners and Stewards of Yachts supplied with Wines and Spirits of the finest 
qnahties direct from Bond, at the shortest possible notice. A representative will 
attend on board Yachts lying off the Isle of Wight or Southampton, if required. 




M^i Mmk ' 




C. WILSON, 

Late NORIE & WILSON, 
NAUTICAL WAREHOUSE, 

157, Leadenhall Street, 



LONDON, E.G. 




Catalogues containing Yachting Requisites post free on application. 

Vanderdeoken's YacM Sailor, 7s. ed. ; Yachts and Yachting, 21s. ; Hunt's 

Yacht List, Yachting Magazine, & all Yachting Books, kept in Stock. 
Sets of Charts of all Publishers, Admiralty Charts and Plans of Harbours 

on large scales, selected & arranged in Portfolios for Home Cruising, 
also for Mediterranean, Baltic, and other Long Voyages. 

Massey's and Clark Russell's new Deck Logs, Towing Logs and Sounders, Liquid or 
Spirit Compasses, new Patent Lamps, new Mechanical Fog Horns. Commercial Code 
Signal and Racing Flags, Binocular Glasses, Yachting Telescopes, Sextants, and Quadrants. 

Boat's Binnacles, Combined Tricolour Lamps, Small Anchor and Side Lanterns, &c. 

ORDERS RECEIVED FOR 

PORTRAITS OF YACHTS. 

Li Oils and Water Colours, by 

Mr. T. G. DuTTON, the well known 

Marine Artist. 

Orders are also still solicited for the well 

known 

LITHOGRAPHIC PORTRAITS OF YACHTS, 

By Mr. T. G. Dutton, who has executed Portraits of most of the celebrated Racers. 
Terms for 100 Copies of Yacht's Portrait, either large, size of Paper 30 in. by 22 in 
Print 24 in. by 14^ in. ; or smaller, Pap^ 27 in. by 20 in., Print 18 in. by 11 in. • on 
application to C. "WILSON, Nqbib ^ W11.BON, 157, Lbapbnhall St., London, ' 





CAPTAIN TOTNBEE'S KEVOLYINQ FARAI.LEL RULE, for ucertaJDiog 

at the time moment True and Ma^etic Courses or Bearinga from any part of a chart 

(The EuU recommended to Yaehlsmea by" Vanderdeclcen" in the " Tacht Sailor") 

Price of Ebon; Rule with Bcuss Moontiags and lastractiona, 26a. 



CAPTAIN FIELD'S IMPROVED PARALLEL RULE, with Gradnatod 

CompaBB to PoiotB and Degrees. 

Price of BozwiKid Bole with InatractionB, It-iocb 8s., Ifl-incli \1», 



CHARLIiS WIiaON, (Noeie & Wilsom,) 
157, LEADENHALL STBBET, LONDON, E.O. 



13 

J. DOWNTON & Co., 
PATENT UNDERUNE WATER CLOSETS. 



FOR FIXING BELOW THE LEVEL OF THE SEA. 



These Water Closets are supplied to all the [)rincipal Yacht Baildera, Steam Boat 
Companies, and uaed by all veaselB in her Majeaty's Service ; also ManufactureTB of 
all kiada of Brass Work for Ships, Yachts, &c, as Skylights, Hioges, Belaying 
Pins, Rowlocks, Ventilating Heads, Mushroom Ventilators, Bells, Scattles. Sido 
Lights, Fresh Water and other Pumps, Stair Plates, Quadrants, &o. 

J. DO'WNTON & CO., 

71, WEST INBIA DOCK BOAD, LOIfDON. 

NEV/ BOO KS. 

HOW TO FIND THE STARS, 

WITH FOUR LARGE MAPS OF STARS, 

Price 7s. 6d. ^ 

" Tkose Yachtsmen who have ttuditd Ifasigation will jind this work a useful • 

and interesting companion." — Thb Field, I 

" Everything relating to the Stars, their aspects, and the pheiiomen^m \ 
incidental to them is simply and -clearly told." — Bbippinq Gazette. 

THE LAW OF STORMS 

CONSIDERED PRACTICALLY, 

WITH NUMEROUS WOODCUTS, 

Price 5s. 

" To those mho are interested in observing the taws of Nature, as well as to 
those whose lives and property are dependent on the winds, this Book will prove 
of great value." — Lasd and Watbb, 

" We can strongly recommend it to the Navigator, as giving briefly, bat 
pleasantly and intelligently, an account of the Law of Storms down to the present 
time, inclusive of the various theories which have been propounded." — Natdrb. 



C. WniSON, (None & Wilson,) 167, Leadenhall Street, London, E.C., 

AND OF ALL NAUTICAL BOOK AND CHART SELLERS. 



JUST PUBLISHED. 



^^^^k^W*M^%^«^M«^M«tfk««««#««^#«#^iMN#M*^MM^k^^«^^tf«^^^i« 



THE 

LAW OF STORMS, 

CONSIDERED PRACTICALLY. 

Illustrated with numerous Woodcuts. 

History of the Development of the Law of Storms : — Early Notices 
of Hurricanes prior to 1830: — Subsequent Views, — Redfield, Beid, 
Piddington, Thom, Keller, &c. ; Latest Views, — Meldrum, Buys Ballot, 
Russell, Lay, Loomis, Blasius, Blanford, Buchan, Wilson, &c. — 
Investigation by Continental Authors: — Hurricane Season; — Begion 
of the Typical Hurricane, — West Indies, South Lidian Ocean, Bay 
of Bengal, Arabian Sea, China Sea ; — Hurricanes in all the Oceanic 
Areas ; — ^The Circular Theory, and Rules for Management of Ships in 
reference to that Theory; — The Incurved Spiral Theory, and Rules 
relating thereto ; — How to distinguish Hurricanes from ordinary. Gales, 
and how to avoid the vortex, and profit by outlying winds ; — General 

Cautions ; — Conclusion. 

W, H. ROSSER. Price 6& 



" The moit usiful Work of its kind ever issued from the Press" — Shippiko Gazette. 

** A oartful and intelligent compilation of aU that relates to the nature of Storms,'* — 
Nautical Magazine. 

** We can strongly recommend it to the Namgator as giving briefly ^ but pleasantly and 
intelligently f an account of the Law of Storms donm to the present time, inclusive of 
the various theories which have been propotmded.^^ — NAT UBS. 



CHARLES WILSON, 

PUBLISHER OF CHARTS AND NAUTICAL WORKS, &C,. 

Xi the Igaviaation ISeiarehouse an4 :gaval Jtoademy^ 

167, LEADENHALL STREET, LONDON, E.G. 

And of all Nautical Book and Chart Sellers. 
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HOUNSELL'S 

FLAG BOOK OP ALL NATIONS, 

(Publislied at £5 5s.) 

Price 30s. 

A handsome and useful Book for the Yacht's Library 

This is the finest Book of Flags ever pubHshed, the 
Flags are beautifully printed in colours in the very best 
style, on thick paper ; in addition to the Flags of all 
Nations, it contains the Flags of the various Yacht Clubs, 
British and Foreign Pilot Signals, and Flags of the Inter- 
national (Commercial) Code of Signals. 



THE YACHTSMAN'S HANDY BOOK, 

Containing Elementary Navigation, Instructions on keeping 
a Log Book, Brief Rules in Navigation required for the 
Board of Trade Yachting Certificate, the International 
(Commercial) Code of Signals briefly explained. Fore and 
Aft Seamanship, and a variety of information useful to 
Yachtsmen. 

Price 3s. 6d. 



UNDER SQUARE SAIL, 

FOR YACHTSMEN AND MIDSHIPMEN, 

A useful little book on Seamanship, thoroughly illustrated 
by Diagrams, and a Glossary of every Term used in the 

Work. 

By THOMAS H. WITHERS, 

Examiner in Seamanship, London, 

Price 2s. 



(fj C. WILSONi (Norie & Wilson), 157, Leadenhall Street, London, E.C., 

i? AND OF ALL NAUTICAL BOOK AND CHART SBLLBBS. 
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1877. 
JUST PUBLISHED. 



A NEW EDITION OF 



NORIE'S EPITOME 

OF 

PRACTICAL NAVIGATION, 

WITH A COMPLETE SET OP 

NAUTICAL TABLES. 



This Work has been thoroughly revised, re-arranged, 
and brought up to the present state of Nautical Knowledge. 
A New Table of '* Latitudes " and " Longitudes " has been 
inserted, and the other Tables printed from entirely New 
Type. 

STRONGLY BOUND IN LEATHER, 

Price 16s. 




NOEIE'S NAUTICAL TABLEs/ 

BOUND IN CLOTH, 

Price 10s. 6d. 

C. WILSON, (Norie & Wilson,) 157, Leadenhall Street, London, E.C., 

AND OF ALL NAUIIOAL BOOK AND CHABT 8ELLBBS. 




